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Abstract: This case study analyzes the academic emotions generated in a STEAM educa-
tional project developed in the controversial heritage of the Rio Tinto and its surroundings.
Twenty-five secondary education students participated in a didactic sequence that com-
bined programming and the use of sensors for physicochemical data collection with inquiry-
and modeling-based methodologies to address socio-scientific issues. Data were collected
through open-ended questionnaires and field notebooks, allowing for an analysis of the
emotions expressed at different stages of the project. The results show that epistemic
emotions, such as curiosity and surprise, were predominant, highlighting the positive
impact of experimental learning in this educational approach. Achievement emotions,
such as pride and enjoyment, were linked to overcoming technological challenges, while
thematic emotions, such as admiration and disgust, emerged from the heritage context,
fostering critical reflection on environmental and historical issues. Negative emotions, such
as frustration and anxiety, were also identified, mainly related to the technical difficulties
and organizational challenges in group work. It is concluded that the proposed didactic
sequence, by integrating the STEAM approach within a heritage context, mobilizes the
epistemic emotions that were key in fostering analytical thinking and scientific explo-
ration, while thematic emotions strengthened students’ connection with environmental
and historical issues.

Keywords: academic emotions; STEAM; controversial heritage; inquiry-based learning;
modeling; computational thinking; secondary education; socio-scientific issues; science
education; educational technology

1. Introduction

The role of emotions is crucial in learning development (Lincoln & Kearney, 2019;
Mellado et al., 2014; Tyng et al., 2017). In addition to improving mental health and well-
being in classrooms, managing emotions enhances attention, sparks curiosity, increases
motivation, fosters a positive classroom climate, and strengthens other variables that
directly influence learning capacity (Sdenz-Lopez Bufiuel, 2020). Thus, education requires
emotions, and little can be built among individuals insensitive to them (Santacana &
Martinez, 2018). However, despite their importance, the emotional dimension has long
been one of the most neglected aspects of educational reforms, which often ignore or
minimize this fundamental component of teaching (Hargreaves, 1998). Even today, greater
empbhasis is placed on students’ cognitive learning, often overlooking the impact of their
emotions in educational settings (Liang et al., 2021).

Educ. Sci. 2025, 15, 725

https://doi.org/10.3390/educscil5060725


https://doi.org/10.3390/educsci15060725
https://doi.org/10.3390/educsci15060725
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0002-6221-347X
https://orcid.org/0000-0002-3640-8337
https://orcid.org/0000-0002-9727-9268
https://doi.org/10.3390/educsci15060725
https://www.mdpi.com/article/10.3390/educsci15060725?type=check_update&version=1

Educ. Sci. 2025, 15,725

2of 16

Many studies focus on determining the presence of positive and negative emotions,
and tools such as the Positive and Negative Affect Schedule (PANAS) (Gil-Madrona et al.,
2019) are commonly used in this context, yet classifying emotions solely based on their
valence provides limited information (Pérez-Bueno et al., 2024). According to Pekrun (2006),
academic emotions are a key factor influencing learning. Research findings show a strong
connection between these emotions and students’ learning outcomes and achievements
(Davis & Bellocchi, 2018; Li et al., 2020; Pekrun & Linnenbrink-Garcia, 2014; Postareff et al.,
2017; Schutz & Lanehart, 2002; Wang & Hsu, 2023), although their causality has not been
widely studied (Tan et al., 2021).

Regarding science education, attitudinal, affective, and emotional aspects are consid-
ered decisive, as they can significantly influence students’ career aspirations in scientific
fields (Lehtamo et al., 2018; Mellado et al., 2014). Inquiry- and modeling-based science edu-
cation methodologies propose activity sequences structured in phases that foster student
engagement with school science (Jiménez-Liso et al., 2022), promoting meaningful learn-
ing by triggering epistemic emotions, such as curiosity and surprise (Jiménez-Liso et al.,
2021), and facilitating students’ intellectual and emotional involvement in problem-solving
(Retana-Alvarado et al., 2023).

In recent years, with the rise of STEAM (science, technology, engineering, arts,
and mathematics) approaches in education, understanding and measuring emotions in
technology-rich learning environments have been deemed crucial to fostering academic
progress in various domains (Lajoie et al., 2020). Recent studies indicate that secondary
students experience a significant decline in positive emotions and an increase in negative
emotions toward STEAM subjects as they transition from primary to secondary education
(Martinez-Borreguero et al., 2019). Therefore, identifying specific emotions and sensa-
tions that arise in the classroom allows educators to anticipate them, making students
aware of these emotions so they do not become barriers (e.g., insecurity) or go unnoticed
(e.g., satisfaction) (Jiménez-Liso et al., 2023).

Furthermore, context plays a crucial role in how emotions are experienced, expressed,
perceived, and regulated (Greenaway et al., 2018). In recent years, the scientific literature
has increasingly explored the relationship between emotions and heritage education, high-
lighting how heritage sites and artifacts can evoke strong emotional responses, making
them highly motivating didactic resources that enhance the teaching-learning process
(Palacios et al., 2023; Santacana & Martinez, 2018). Emotions play a fundamental role in all
social phenomena and catalyze and sustain creative scientific work, fueling scientific and
intellectual movements that drive scientific change (Parker & Hackett, 2012).

This study was conducted with secondary education (4° ESO) students in the Rio
Tinto region, a controversial heritage site located in Southwestern Spain, as a unique educa-
tional setting to analyze the academic emotions generated during the implementation of
an interdisciplinary didactic sequence. This river, known for its red and acidic waters, is
not only of great scientific interest but also connects students with their local natural and
cultural heritage. Through a STEAM approach that integrates computational thinking as a
problem-solving process, as required by the Spanish curriculum (Real Decreto 217/2022,
2022), and inquiry- and modeling-based methodologies recommended for engaging stu-
dents in school science (Grabau & Ma, 2017), this study explores and classifies the emotions
that emerged throughout the implemented didactic sequence.

2. Theoretical Background
2.1. Academic Emotions

An emotion is an affective experience that temporarily alters our mental and physical
balance, potentially manifesting with intensity (Santacana & Martinez, 2018). Academic
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emotions are those related to either academic activities or outcomes, generated by learners
after performing a controlled cognitive and evaluative assessment of learning scenarios
(Pekrun, 2000; Pekrun et al., 2002). In other words, academic emotions encompass all
emotional experiences that students feel in learning or teaching situations regarding any
event, action, or circumstance occurring in an educational context (Pekrun, 2006). Emo-
tional responses require a prior subjective appraisal of the stimulus, which explains why
individuals react with different emotions to similar situations (Pérez-Bueno et al., 2024).
Pekrun and Linnenbrink-Garcia (2012) define academic emotions as influential factors
in students’ engagement and academic performance, developing a classification based on
the Control-Value Theory of Emotions (Pekrun, 2006). This theory posits that emotions in
learning depend on the perceived level of control and the value attributed to the academic
activity, which influences how students experience different emotions in the classroom.
From this perspective, academic emotions are categorized into four groups:

e Achievement emotions: Related to success or failure in academic tasks. For example,
joy after receiving a good grade or frustration due to a poor result;

e  Epistemic emotions: Associated with the acquisition and processing of knowledge.
Examples include curiosity when learning something new or confusion when encoun-
tering contradictory information;

e  Social emotions: Derived from interactions with others in academic settings, such as
embarrassment when speaking in public or pride in a group presentation;

e Thematic emotions: Related to the specific content of a subject, such as interest in a
particular topic or rejection toward certain material.

2.2. Emotions and STEAM

STEAM education has a myriad of definitions and various interpretations of the
“A” (arts), with ongoing debate regarding its true implementation (Perignat & Katz-
Buonincontro, 2019; Toma & Garcia-Carmona, 2021). In this study, STEAM is understood
as an educational methodology that has been increasingly adopted and consolidated in
recent years. It promotes an integrative approach that encourages analytical, critical,
creative, and scientific thinking through the development of projects or work involving
technological elements.

Educational research and neuroscience evidence argue that there is an inherent connec-
tion between emotion and learning, which is essential for the STEAM approach (Steele &
Ashworth, 2018). The analysis of emotions has significant potential to improve students’ ex-
periences, foster personalized learning, and enhance satisfaction in learning environments,
particularly in STEAM subjects (Anwar et al., 2023).

In this context, emotions play a key role in shaping attention, motivation, and learning
strategies in technology-integrated STEAM environments. Studies such as those by Loderer
et al. (2020) on technology-based learning environments (TBLEs) indicate that interaction
with digital tools elicits a wide range of academic emotions, including enjoyment, curiosity,
anxiety, frustration, confusion, and boredom. While anxiety and frustration can hinder
learning if not properly managed, enjoyment and curiosity are associated with higher
motivation and performance. Additionally, they are positively linked to perceptions of
control and the value of tasks, fostering greater engagement and academic achievement
(Astleitner & Leutner, 2014; Pekrun & Perry, 2014). However, the use of technology in
classrooms must strike a balance between autonomy and guidance, as excessive freedom
or overly rigid structures can lead to negative emotions, such as frustration or boredom
(Goetz & Hall, 2014).
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2.3. Socio-Scientific Issues Linked to Controversial Heritage as Emotional Precursors

Authors such as Beniermann et al. (2021) and Sadler et al. (2007) highlight the impor-
tance of working with contextualized topics through socio-scientific issues (SSI). Scientific
concepts emerge from real-world problematic situations where they are applied and acquire
meaning (Lupién-Cobos & Garcia-Ruiz, 2024). These problems not only enrich the under-
standing of scientific content but also serve as an effective tool for developing more critical
and engaged citizens. Furthermore, the use of SSI in science education has a significant
positive effect on learning content, decision-making skills, and reasoning (Badeo & Duque,
2022), as well as improving students” emotional competence and ethical values, including
responsibility, honesty, empathy, and integrity (Gao et al., 2019).

Thus, teaching controversial topics—defined as those that elicit strong emotions and
divide public opinion—becomes essential (Huddleston & Kerr, 2016). According to Estepa
and Martin-Caceres (2018), incorporating controversial heritage into educational processes
is fundamental. These are heritage elements selected for their ability to provoke dilemmas,
debates, or social conflicts (Arroyo-Mora et al., 2022; Sampedro-Martin et al., 2022). By
studying local heritage elements from an interdisciplinary perspective, students enhance
their observation and inquiry skills, addressing current socio-environmental issues from
diverse knowledge perspectives (Trabajo & Cuenca, 2022). These elements act as dynamic
sources of knowledge, fostering dialogue and challenging preconceived ideas, positioning
heritage as a resource for working with emotions, and contributing to a more just and
equitable society (Gomez-Hurtado & Cuenca, 2022).

Emotions play a crucial role in the connection between heritage appreciation and
community recognition. Studies indicate that social emotions, related to affection and
belonging, significantly influence how communities perceive and legitimize their heritage
identity (Gomez Villar & Canessa Vicencio, 2019).

3. Objectives

This study aims to examine the academic emotions elicited by a STEAM-based ed-
ucational intervention centered on a controversial heritage site, analyzed from different
perspectives, including its ecosystem and geology (Campina-Lépez et al., 2025b), its her-
itage dimension (Campina-Loépez et al., 2025a), and its physicochemical characteristics
through sensors (Campina-Lépez et al., 2025c). Accordingly, the following objectives
are proposed:

e  Objective 1: Analyze the academic emotions expressed by students after engaging in
the didactic sequence, identifying the methodological factors that triggered them;

e  Objective 2: Examine the academic emotions associated with programming and the
use of microcontroller boards and sensors during the learning sequence, identifying
their underlying causes;

e  Objective 3: Define the academic emotions experienced by students in relation to
their work on controversial heritage, as well as determine the factors that led to
their emergence.

4. Materials and Methods
4.1. Context and Participants

This qualitative study was conducted in the context of the Rio Tinto, a controversial
heritage site in Southwestern Spain, involving 25 secondary education students from a
public high school in Valverde del Camino (Huelva). The participants, aged 15 to 16,
engaged in a STEAM-based educational project that combined classroom activities with a
field trip to the Rio Tinto and its surroundings. Prior to the intervention, students’ families
or legal guardians were informed about the study and provided informed consent. The
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data were collected and processed anonymously and confidentially, in accordance with the
ethical principles of educational research within the institutional framework.

4.2. Research Design

This study follows a qualitative case study design that analyzes, codes, and categorizes
students’ responses in relation to the emotions expressed and their causes within the
framework of a STEAM-based educational intervention contextualized in controversial
heritage. It adopts a descriptive and interpretative approach, based on qualitative sources,
such as open-ended questionnaires and field notebooks, to understand the emotional
dimension of learning in a specific and contextualized experience. The study was part of a
broader interdisciplinary project implemented in a secondary school, combining classroom
activities with fieldwork and structured around inquiry, modeling, and the use of sensors.
While this article focuses on students’” emotional responses, the complete educational
sequence is described in detail in Campina-Lopez et al. (2025a, 2025b, 2025c¢).

After defining the study’s objectives, a literature review was conducted on academic
emotions (Loderer et al., 2020; Mellado et al., 2014; Pekrun et al., 2002; Pérez-Bueno et al., 2024)
and their impact in educational contexts, particularly in STEAM learning environments.

According to Pekrun et al. (2002), curiosity is a fundamental epistemic emotion
that enhances intrinsic motivation and experimental learning. Meanwhile, admiration
is linked to the emotional impact of heritage sites, highlighting their ability to inspire
respect and critical reflection (Santacana & Martinez, 2018). Pride, in turn, is classified
as an achievement emotion, associated with success in academic tasks and overcoming
technological challenges (Pekrun & Linnenbrink-Garcia, 2012). These three emotions
broaden the scope of emotional analysis by addressing specific experiences within STEAM
and heritage contexts.

4.3. First-Order Instruments

Based on this theoretical framework, two first-order instruments were designed for
data collection:

e  Questionnaire: Included 13 academic emotions, selected based on the studies of
Pekrun and Linnenbrink-Garcia (2014) and Pérez-Bueno et al. (2024), who analyzed
the impact of emotions on learning. Most of the emotions in this study, such as anxiety,
curiosity, enjoyment, frustration, pride, surprise, and shame, align with these previous
works. Additionally, some terminological adjustments were made, replacing rejection
with disgust and interest with curiosity. The questionnaire underwent a validation
process, obtaining a Fleiss’ kappa coefficient of 0.84, which, according to (Gwet, 2021),
indicates substantial to almost perfect inter-rater reliability;

e  Field Notebooks: During the field trip to the Rio Tinto, students documented their
emotions related to the activities they engaged in, such as group dynamics, interactions
with the environment, and challenges related to technology use.

4.4. Second-Order Instruments

Following the work of Pérez-Bueno et al. (2024), Figure 1, which presents the hier-
archical organization of the academic approaches, was used as a reference to categorize
the emotions expressed by students along with their causes. To complement this anal-
ysis, Table 1 was developed based on the classification of academic emotions proposed
by Pekrun and Linnenbrink-Garcia (2012). This table provides a detailed definition that
enhances understanding and integrates with the information in Figure 1. These tools
were essential in guiding the analysis, as they allowed for the classification of emotions
into four main categories: achievement, epistemic, thematic, and social emotions. This
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categorization facilitated the interpretation of students’ affective experiences, providing a
structured framework to analyze the emotional impact of the educational intervention.

[ ACADEMIC EMOTIONS ]
[ ACHIEVEMENT EMOTIONS J[ TOPIC-RELATED EMOTIONS ]
RETROSPECTIVE CONCURRENT PROSPECTIVE STUDENT SUBJECT INSTRUCTION
RESULTS ACTIVITY RESULTS
((oiscipLine ][ content | (| sTRATEGIES ] ASSESSMENT
uccsssss FAILURES successes || FAILURES ||| successes || FAILURES SELF-CONCEPT
((comparison ]
[ EPISTEMIC EMOTIONS ][ SOCIAL EMOTIONS J
ACADEMIC CONTENT NON-ACADEMIC CONTENT
DIDACTIC COGNITIVE
RESOURCE INCONGRUENCE AcTIVITY
TEACHERS PEERS FAMILY FRIENDS

Figure 1. Hierarchical organization of academic approaches for grouping experienced emotions
(Adapted from Pérez-Bueno et al., 2024).

Table 1. Categorization of academic emotions according to Pekrun and Linnenbrink-Garcia (2012).

Commonly Associated

Type of Emotion Definition Emotions Examples
Pride after passing an exam, hope
Achievement Related to activities and Pride, hope, anxiety, before an evaluation, anxiety from

results evaluated according to . . fear of not meeting expectations,
frustration, and relief . .. .
competency standards. despair from believing that effort will
not be enough.

Emotions

Surprise at discovering unexpected

Arise from cognitive aspects ' . .o
en P information, curiosity when

. . . of the task or information Curiosity, surprise, anxiety, . . .
Epistemic Emotions . i . . exploring a new topic, frustration at
processing, such as cognitive enjoyment, and frustration .
. . unsolved problems, enjoyment when
incongruity.

finding a solution.

Empathy when learning about social
struggles, frustration over
controversial political decisions, awe
at scientific breakthroughs, or
significant historical events.

Provoked by the content of
the study material, including Shame, pride, admiration,
emotional reactions to the envy, and empathy
topics covered.

Thematic Emotions

Related to the social context of Interest when comparing oneself to
learning, including others or emotionally supporting a
interactions with classmates classmate, frustration over perceived
and teachers. unfair attitudes in group work.

Social Emotions Interest, rejection, frustration

Own elaboration.

The emotions were coded based on the specific activity in which they emerged and
their relationship with learning, using a deductive coding approach. This process relied
on the open-ended responses provided by students in both the questionnaires and the
field notebooks, which were interpreted in light of the academic emotions framework. For
example, as shown in Table 1, curiosity was mostly classified as an epistemic emotion, as it
was often linked to the discovery of patterns in the collected data. Pride was mostly coded
as an achievement emotion, due to the satisfaction expressed after successfully completing
a task. Surprise was typically identified as a thematic emotion, as it was related to the
study content. Sympathy was generally categorized as a social emotion, given its frequent
connection with peer interactions. The frequency of each academic emotion category was
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then calculated to identify the general patterns in the students’ affective responses across
the different phases of the educational sequence.

To conduct the qualitative analysis, MAXQDA software was used, following
these stages:

e Initial coding: The responses collected from the questionnaire and field notebooks
were classified into the four categories of academic emotions using the previously
mentioned second-order instruments;

e Data triangulation: Categorizations were unified, and the emotions recorded in the
questionnaires and field notebooks were compared to identify consistent emotional
patterns and detect possible discrepancies;

e  Pattern and relationship analysis: Patterns in the expressed emotions were identified,
along with their relationship to specific project activities, such as sensor programming,
group dynamics, and interaction with controversial heritage.

The coding process was carried out in two rounds, with an interval of two months
between them, to ensure rigor and consistency.

5. Results and Discussion

The results are organized according to the study’s objectives, aiming to better understand
the emotions experienced by students. Their reactions to the didactic sequence, the use of
technological devices, and the interaction with the controversial heritage were explored.

5.1. Characterization of Emotions Expressed in Relation to the Didactic Sequence

The implementation of the STEAM-based didactic sequence, contextualized in a con-
troversial heritage setting, generated a wide variety of emotions among the students. As
shown in Figure 2, epistemic and thematic emotions predominated, together accounting
for over 70% of the total mentions (527 and 603, respectively). Although less frequent,
achievement (184 mentions) and social emotions (228 mentions) also played a significant
role, highlighting the collaborative work and the impact of the sequence on student mo-
tivation. In line with the findings of Pérez-Bueno et al. (2024), the results indicate that
emotions such as interest (curiosity) and frustration (disgust) are generally thematic, while
satisfaction (enjoyment) is typically categorized as an achievement emotion. In this study,
compassion, sympathy, and shame were classified as social academic emotions, whereas
enthusiasm was mainly identified as an epistemic emotion. The following section analyzes
the main trends observed in each category, as well as the factors that led to these emotions:

e Achievement emotions (184 mentions, 12%) were less frequent but stood out in ac-
tivities related to overcoming technical challenges. Emotions such as pride (49) and
enjoyment (73) reflected students’ satisfaction in achieving significant milestones, such
as programming sensors or creating final products like models. The results obtained
show that achievement emotions, such as pride and enjoyment, not only reflect the
overcoming of technical challenges but also enhance motivation, self-efficacy, and the
acceptance of educational technologies (Stephan et al., 2019; Wang et al., 2024). These
activities seemed to foster a sense of personal accomplishment and self-confidence, as
illustrated by comments like “It was gratifying to see how our model perfectly represented
what we learned in class” (student 17);

e  Thematic emotions (603 mentions, 39%) revealed a strong connection between students
and the project’s content. Admiration (81), enjoyment (74), and curiosity (108) were
particularly prominent in the activities involving both the natural and cultural heritage
of the Tinto River and its surroundings. Statements such as “It’s incredible how this place
holds so much history and science at the same time” (student 4) or “Seeing that what we
learned in class had real applications was exciting” (student 2) highlight how the STEAM
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sequence in this heritage setting effectively engaged students, helping them connect
knowledge from different subject areas. It is also worth noting that negative thematic
emotions, such as disgust (59) and anger (27), emerged from critical reflections on the
environmental impact, historical inequalities, and social injustices related to the site.
Comments like “It disqusts me to think that people allowed this river to become so polluted”
(student 4) or “It’s unfair how the river’s resources benefited a few whiles harming many”
(student 11) reflect students” questioning and re-evaluation of past events, considering
their consequences on the ecosystem and the local community.

e Epistemic emotions (527 mentions, 34%) were primarily represented by curiosity
(157) and surprise (96), mainly triggered by inquiry-based and experimental activities.
These findings highlight the importance of practical approaches, as illustrated by
comments such as “The results surprised me; I didn’t expect them to be so precise” (student
5), “Each piece of data we obtained made me want to learn more” (student 20) or “I liked
exploring both opposing perspectives” (student 8). These results align with Pekrun (2006),
reinforcing the role of epistemic emotions in fostering analytical and creative thinking;

e  Social emotions (228 mentions, 15%) underscored the relevance of group dynamics
and collaboration. Positive emotions such as sympathy (15) and compassion (11)
were commonly expressed during collaborative activities, such as model construction.
Statements like “Working with my classmates helped me understand the topic better and
enjoy it” (student 11) emphasize the positive impact of teamwork on learning. In
line with Santacana and Martinez (2018), these responses suggest that the social
context of learning facilitates shared reflection and collective knowledge construction.
However, negative social emotions such as anxiety (16) and frustration (20) also
emerged, mostly linked to group organization difficulties. Comments like “In my
group, everyone did whatever they wanted whenever they wanted” (student 22) reveal
challenges in coordination, indicating that structuring group activities effectively is
crucial to minimizing conflict and optimizing collaboration.

Enjoyment

329
Achievement
Anxiety 184
38 Social Achievement| Epistemic ‘ Thematic TOTAL
Admiration 26 16 72 81 195
Curiosity & Anxiety 16 10 6 6 38
297 -~ g”z's;em‘c Compassion 11 0 3 30 44
Curiosity 21 10157 108 297
- Contempt 0 0 2 29 31
j’;’g Enjoyment 60 73 122 74 329
— ) Disgust 6 2 4 59 71
596 Frustration 20 3 12 27 62
Admiration A 5 1 4 27 37
195 7 jpneer f
Pride 25 49 30 72 176
Sympathy Sympathy 15 2 13 6 36
36 Surprise 15 15 96 75 201
s Thematic Shame 8 2 6 9 25
urprise 603
201 TOTAL 228 184 527 603 1542
Shame
25
Frustration
62 ™
Compassion
Anger
37"
Disgust
ZL

Contempt

31

Figure 2. Distribution of frequencies of emotions and academic emotions manifested in the didactic

sequence. Own elaboration.
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These emotional patterns reflect the influence of specific pedagogical strategies. In-
quiry and modeling fostered epistemic emotions like curiosity and surprise. Group work
elicited social emotions, both positive and negative, depending on coordination. Achieve-
ment emotions were linked to goal-oriented tasks, such as programming sensors, while
thematic emotions emerged from critical engagement with socio-environmental issues.

5.2. Characterization of Emotions Manifested in Relation to the Programming and Use of
Electronic Controller Boards and Data Collection Devices

The programming and use of electronic controller boards and data collection devices
within the STEAM project elicited a significant diversity of emotions among the students,
as shown in Figure 3. Epistemic emotions accounted for 48.7% of the total, followed by
achievement emotions (32.5%), social emotions (14.5%), and, to a lesser extent, thematic
emotions (4.3%). These are described below:

e Achievement emotions (38 mentions, 32.5%) primarily included pride (6) and en-
joyment (19) and were mainly linked to personal satisfaction in overcoming techni-
cal challenges, such as programming sensors and collecting data. Comments like
“I thought I would never know how to program these devices, and I was surprised to see that I
actually could” (student 5) or “In the end, I managed to get the sensor to collect data correctly,
and it was very satisfying” (student 8) reflect the positive impact of these activities on
students’ self-confidence. As highlighted by Martinez-Borreguero et al. (2019), success
in practical tasks reinforces self-efficacy, strengthening interest in STEAM disciplines.

e  Thematic emotions (5 mentions, 4.3%): These emotions were less representative com-
pared to other categories. One example related to admiration included comments such
as “the data reflect a serious environmental problem” (student 19). The lower prevalence
of thematic emotions could be due to the fact that technological activities were more
focused on developing practical skills and data analysis rather than on the conceptual
content of heritage or natural sciences. This result differs from other studies where
inquiry-based and model-based methodologies using technology, such as those by
Jiménez-Liso et al. (2021), reported a greater connection between thematic emotions
and inquiry activities, possibly due to a more balanced approach between practical
skills and conceptual content in their instructional design. Authors such as Martinez-
Borreguero et al. (2019) emphasize the need to design activities that integrate practical
skills with an explicit focus on conceptual content to foster a stronger emotional
connection and more meaningful learning;

e  Epistemic emotions (57 mentions, 48.7%) were the most frequent during technological
activities, with enjoyment (18), curiosity (17), admiration (7), and surprise (5) standing
out. These emotions mainly emerged from the discovery and analysis of the data
obtained through sensors. Comments such as “I was surprised by the precision of the
data” (student 2) or “We wanted to keep testing to learn more about how the sensors worked”
(student 8) highlight the positive impact of the experimental activities on students’
interest and motivation. The results align with other studies, such as those by Jiménez-
Liso et al. (2021), which report that inquiry-based activities, supported by technologies
such as modeling or practical tools, promote epistemic emotions by fostering curiosity
and enhancing analytical understanding. These results are also consistent with Loderer
et al. (2020), who indicate that, in technology-based learning environments, emotions
such as curiosity/interest and enjoyment emerge when students perceive they have
control over the technological task and consider it valuable. Additionally, these authors
suggest that surprise is a key epistemic emotion, but its occurrence depends on the
task structure and the level of expectation. According to Loderer et al. (2020), surprise
arises when a student encounters unexpected or challenging information, which
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can generate curiosity and motivation to continue exploring. However, in our case,
surprise had a lower representation (five), possibly because activities focused more
on procedural aspects rather than the exploration of novel concepts or unexpected
discoveries. This finding is also consistent with previous studies indicating that
surprise is more common when learning involves unexpected findings, while in highly
structured tasks, its occurrence tends to be lower;

e  Social emotions (17 mentions, 14.5%) reflected group interactions during technological
activities. Positive emotions such as enjoyment (seven) and sympathy (one) were
common in collaborative dynamics, with comments like “It was fun working in a group
to program the sensors” (student 6). According to Loderer et al. (2020), the social
evaluation of the task and the technology used play important roles in generating
emotions, as an environment that promotes teamwork and appreciation of group effort
can enhance enjoyment and motivation, as recorded in this study. However, negative
emotions such as frustration (two) and anxiety (two) were also present, mainly due
to coordination problems and technical difficulties, as reflected in comments like “it
was frustrating because we couldn’t agree on how to solve the errors” (student 9). This
reinforces the need to better structure group dynamics and provide greater support
during technological activities. These results align with those of Jiménez-Liso et al.
(2021), who also highlight that group activities in technological environments can
foster both collaboration and conflict, depending on the level of teacher guidance and

task design.
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Figure 3. Distribution of frequency of emotions and academic emotions expressed regarding the use
of technologies in the sequence.

5.3. Characterization of Academic Emotions Expressed in Relation to the Controversial Heritage

Regarding the emotions associated with the heritage of the Rio Tinto and its sur-
roundings, a wide and balanced diversity of emotions was mobilized among students, as
observed in Figure 4. After categorization, thematic emotions were predominant (83%),
followed by epistemic emotions (11%), while achievement (3%) and social emotions (3%)
were less frequent.
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Figure 4. Distribution of frequencies of emotions and academic emotions expressed in relation to
controversial heritage.

Achievement emotions (15 mentions, 3%) were minimally represented. However, emo-
tions such as pride (four) and enjoyment (five) emerged in activities involving the overcom-
ing of technical and argumentative challenges, such as debates on the cultural significance
of heritage. Comments like “I felt proud of being able to argue my stance on the value of the
river in the debate” (student 19) highlight how these activities fostered personal satisfaction
and self-confidence. Nevertheless, the low frequency of these emotions suggests the need
to design activities that more effectively enhance these positive experiences.

Thematic emotions (393 mentions, 83%) were the most predominant in this category,
with curiosity (70), enjoyment (43), and admiration (38) standing out. According to
the results, these emotions reflect students’ interest in exploring the historical, cultural,
and environmental impact of the Rio Tinto. Comments like “I found it interesting to see
how heritage reflects our history” (student 5) or “I discovered how English society significantly
influenced our heritage and culture” (student 3) illustrate how heritage learning fosters
cultural appreciation and content engagement. However, negative emotions such as
disgust (50) and anger (26) also emerged, mainly from critical reflections on historical
inequalities and environmental issues: “It disgusts me to think how the exploitation of
resources near the river was allowed” (student 9), “It is not right that in the 21st century,
we continue to justify these actions” (student 19) or “I felt disqust because it reflects a
classist behaviour that should not occur.” (student 4) These emotions, although negative,
highlight the ability of heritage to generate critical analysis, awareness, identity-related
sentiments, and, ultimately, to provoke debate, dilemmas, and social conflict, aligning
with authors such as Estepa and Martin-Caceres (2018) and Gémez Villar and Canessa
Vicencio (2019);

Epistemic emotions (51 mentions, 11%) were mainly expressed as surprise (19) and
curiosity (16). These emotions were linked to activities such as a scavenger hunt and a
field trip, where students showed fascination over the processes and content related to
heritage. Comments such as “I was surprised by how elements of local culture and heritage
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were transformed into an English-style town” (student 7) illustrate this. These epistemic
emotions, particularly curiosity and surprise, support the development of analytical
thinking and discovery, as previously highlighted by Pekrun (2006);

e  Social emotions (12 mentions, 3%) were associated with group interactions. Despite
the varied representation, social emotions were generally limited and scarce. Enjoy-
ment (three) was linked to comments such as “It was interesting to hear my classmates’
perspectives on whether to conserve or restore the heritage” (student 24). These results
suggest the need to improve heritage-related activities, as there may have been an
unequal level of group participation. Additionally, designing activities that encourage
more balanced interaction and collaboration on the content could be beneficial.

6. Conclusions

Following the implementation of the didactic sequence, the importance of considering
the emotional dimension in motivating students and helping them connect with the con-
tent they engage with is highlighted. This approach allows for identifying strengths and
areas for improvement. Integrating active methodologies into STEAM education within a
controversial heritage context not only enhances meaningful learning but also stimulates
epistemic and thematic emotions that foster curiosity, reflection, and critical thinking. For
these experiences to have a positive impact, it is essential to provide students with auton-
omy and sufficient time for the development and application of technological activities.
Additionally, promoting teamwork and ensuring that scientific content is not addressed
in isolation, but rather connected to students” emotions and experiences with their peers,
could lead to a more engaging learning process.

The use of data collection sensors to analyze the physicochemical characteristics of
the river primarily triggered epistemic emotions, such as curiosity and surprise, related to
discovery and scientific exploration. These emotions encouraged interest in experimental
learning and connection with real data, generating enthusiasm for scientific processes.
However, negative emotions like frustration and anxiety also emerged, mainly due to
technical difficulties and coordination issues in group work. This underscores the need for
more structured technological activities, providing additional time and better instructional
support to balance autonomy, guidance, and unfamiliar technological tools. Indeed, time
constraints during the implementation of the sequence represented a limitation, reducing
students” opportunities to fully engage with and consolidate the technological components
of the project. As noted by Stephan et al. (2019), a successful implementation of educational
technologies requires not only technical fluency but also emotional support, particularly
when students face novel or complex digital tasks.

On the other hand, the Rio Tinto heritage stood out for its ability to elicit thematic
emotions, such as admiration, enjoyment, and compassion. These emotions reflect how
heritage can connect students with history, culture, and socio-environmental issues in their
surroundings. Student comments on historical injustice and the river’s environmental impact
suggest that this context fosters emotions linked to ethical reflection on the studied content.
However, social emotions were notably scarce, indicating the need for improved and more
collaborative heritage-related activities that encourage dialogue and student interaction.

Group work, whether in technological or heritage-related activities, yielded mixed
results. While some students appreciated collaboration and learned from their peers, others
experienced frustration due to tensions or a lack of group cohesion. This reinforces the
importance of structuring collaborative work effectively, with clearly defined roles and
objectives, to optimize the overall learning experience.

Compared to previous studies, such as those by Jiménez-Liso et al. (2021), Loderer et al.
(2020), and Wang et al. (2024), the results suggest that active methodologies like inquiry
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and modeling, along with the use of technologies in the classroom, can generate significant
epistemic emotions when students perceive a high level of control and value in their tasks.
Wang et al. (2024) emphasize that combining inquiry-based learning with model-based
reasoning in STEAM contexts fosters conceptual change and promotes positive emotional
trajectories, such as curiosity, enjoyment, and pride. However, unlike these studies, the
technology-related activities in this study showed a weaker connection to conceptual con-
tent, limiting the emergence of thematic emotions in some cases. This finding underscores
the need to design activities that more effectively integrate practical skills while also eliciting
emotions and motivations tied to conceptual understanding, maximizing both emotional
and cognitive learning. Future research could further investigate gender-based differences
in students” emotional responses, particularly in relation to technological activities, col-
laborative work, or engagement with controversial heritage. Exploring this dimension
would provide a deeper understanding of affective experiences in STEAM education and
contribute to the design of more inclusive and equitable learning environments.
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