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Abstract: Emotional engagement has surfaced as a vital psychological category affecting
second language learning, particularly in learner-focussed and interdisciplinary settings.
Integrated STEM disciplines (science, technology, engineering, and mathematics) are
becoming increasingly popular in English as a Second Language (ESL), particularly as a
pedagogical approach that encourages meaningful use of language through real-world
problem-solving and inquiry-based tasks. Existing studies exploring cognitive and linguistic
outcomes of STEM-integrated ESL learning are plentiful; limited attention, however, has been
paid to the psychological factor, emotional engagement in similar contexts. This conceptual
paper argues that emotional engagement serves as a mediating psychological English-as-a-
second language (ESL) construct between learning integrated science, technology,
engineering and mathematics (STEM). Using educational psychology theories, in particular
emotional engagement theory, control-value theory of achievement emotions and sociocultural
approaches to learning, this paper presents a conceptual framework designed to connect
STEM-oriented instructional approaches with learners’ emotional engagement and ESL
learning outcomes. It argues that STEM tasks that facilitate emotional engagement can
generate positive emotions including enjoyment, interest and confidence which in turn increase
ESL learners’ willingness to communicate, language use and sustained engagement with ESL
learning. Pedagogical, curriculum design and future empirical research implications are
presented.

Keywords: Emotional Engagement; STEM-integrated ESL; Educational Psychology; Learner
Emotions; Interdisciplinary Learning

1. Introduction

Recently, the infusion of Science, Technology, Engineering and Mathematics (STEM)
pedagogies into English as a Second Language (ESL) instruction has drawn growing scholarly
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interest for their potential to improve cognitive and linguistic outcomes for learners. However,
learning by nature is a psychological experiment where affective factors are at play in deciding
motivation, engagement and performance. In this perspective, | situate emotional engagement
within this paper as a superordinate psychological construct in the context of STEM-integrated
ESL learning to provide an analytical framework through which the implications of learners’
emotional experiences on their participation and achievement can be examined in integrated
contexts.

Even though research into STEM-integrated ESL instruction is growing, the focus of existing
studies has mostly been on cognitive achievement, linguistic performance and skills
development whilst emotional processes have not received sufficient attention. This gap is
striking given the increasing amount of evidence from educational psychology and applied
linguistics that emotions play a major role in language learning participation and results (Wang
& Xu, 2025; Zhong et al., 2025; Ali et al., 2024). Although affective dimensions are recognised
as crucial for language acquisition, recent systematic reviews reveal they have received little
attention in ESL research (He et al., 2025; Ali et al., 2024). Therefore, theoretical and empirical
inquiry is still needed that places emotional variables at the center of STEM-integrated
language learning contexts.

This paper theorises emotional engagement within STEM pedagogical practices as a mediating
variable through which to examine ESL learning outcomes. Previous studies revealed a
dynamic interplay between emotional aspects (e.g. enjoyment, anxiety, boredom, willingness
to communicate) and engagement / language performance (Lin et al., 2025; Wang & Xu, 2025).
Nonetheless, few have explored how pedagogical innovations (like STEM integration) produce
emotional responses and how such emotions serve as psychological mechanisms that mediate
learning.

The most widely accepted ESL instruction methods so far have often been associated with
limited emotional involvement such as grammar drills and textbook-based exercises in teacher
centre classrooms. These practices may lead to language anxiety, a lack of motivation, and an
unwillingness to communicate for learners (Nazarieh, 2025; Lin et al., 2025). On the other
hand, STEM-integrated ESL education offers authentic and significant contexts for language
use in inquiry-based tasks, problem-solving activities, and collaborative projects. These
contexts may encourage positive emotional experiences such as curiosity, enjoyment and a
sense of achievement, which improve learner’s engagement and participation.

However, current English as a second language (ESL) research has not sufficiently theorised
the psychological mechanisms of emotional engagement in STEM-integrated ESL contexts.
More recent research has showed a necessity to develop more sophisticated theoretical
frameworks for examining how emotions impact engagement patterns in language learning
contexts as well as have highlighted the need to investigate how interrelated emotions
simultaneously shape aspects of the learning process (Li, 2025). This paper attempts to fill this
gap by theorising emotional engagement as a mediating construct from a psychological
perspective and by investigating how features in STEM pedagogy activate emotional processes
that impact ESL learning outcomes. This framework allows for theory in integrated language
education to be developed and has implications regarding designing emotionally motivated
STEM-based ESL instruction.
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2. Emotional Engagement in Learning: A Psychological Overview

Emotional engagement refers to learners’ affective reactions including interest, enjoyment,
enthusiasm, confidence and also unpleasant feelings like anxiety and boredom. Such emotions
change over the course of learning and influence how intensely and qualitatively learners
engage in tasks (Han et al., 2024). Emotional engagement is particularly dynamic in ESL
settings where communication demands real-time processing and reveal experiences of wins
and losses. This dynamic flow of emotional flow shapes learners’ openness to engaging in the
language-learning process and their responses to their language-learning experiences (Wang et
al., 2024).

Emotional engagement is conceptually different from behavioral and cognitive engagement,
although they are often interrelated. It denotes mainly affective reactions of learners prior to
the learning process (Han et al., 2024). Motivation and psychological capital interact with
emotional engagement to determine the distribution of cognitive effort by learners. Research
indicates that both intrinsic motivation and emotional engagement combine to affect academic
achievement (Liu et al., 2024).

As learners in ESL must be able to communicate, negotiate meaning and take frequent
linguistic risks, emotional states are crucial to learning success. Thus, positive emotional
climates promote engagement and experimentation with new language forms (Alrabai &
Algazzaz, 2024). It has also demonstrated that teacher emotional support adds to learners’
confidence and enjoyment, thus increasing their emotional engagement on tasks in the
classroom empowerment. Low support conversely diminishes emotional salience and
participation (Alrabai & Algazzaz, 2024).

Positive emotions, such as enjoyment and interest, increase learners’ engagement and help
them persevere when they face difficulties. They additionally promote superior academic
achievement along motivational and emotional lines (Liu et al., 2024). In ESL contexts,
emotional literacy assists learners in managing emotions and builds confidence and
communicative risk-taking. This results in greater participants” propensity to speak up during
interactive tasks.

Negative emotions especially anxiety and boredom dampen engagement by limiting attention
and saturating working memory. This leads to a low willingness to communicate by learners
in ESL classrooms (Ali & Mokhtar, 2026; Awang Ali et al., 2025; Wang et al., 2024; Ali &
Azamri, 2023). Research on emotional literacy also suggests that boredom and anxiety
undermine learners’ confidence and motivation to participate in meaningful language use.
These feelings can over time hinder the development of language overall.

3. STEM-Integrated ESL Learning as an Emotionally Engaging Context
Format

STEM-integrated ESL contexts promote emotional engagement through three main features:

a. Meaning and Relevance

Once integrated in STEM ESL contexts, students are even more emotionally invested in the
learning process, and problem-based peer-oriented environments ubiquitous to real-world
problems make language learning embedded and relevant for them. When learners are
encouraged to think and speak in English, to vocalize thoughts, rationales for their solutions,
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and engage jointly in navigating towards the solution, scientific and mathematical reasoning
becomes less opaque (Ali & Mokhtar, 2026; Awang Ali et al., 2025; Ali & Azamri, 2023; Su
& Guo 2023). The purposeful nature of such tasks worked to raise perceived task value,
because students can see the practical relevance of what they are learning. This on-going and
inherent truth breeds enjoyment and builds intrinsic motivation so that learning is fluid and
relevant.

When English instruction integrated with STEM disciplines within structured motivational
frameworks like the ARCS model; Attention, Relevance, Confidence and Satisfaction
additional emotional engagement is developed. In this framework, Quintufia and Herrera
(2024) argue that a focus on relevance and confidence-building reinforces positive emotional
experiences while being sufficient to sustain motivation for an extended period. It is also
mentioned by Lee and Stephens (2020), that when students work in English on authentic
scientific and technological problems, they start to view language as a purposeful instrument
for investigation rather than an isolated subject of learning, hence specifically promoting deep
understanding and interdisciplinary connections.

Research also underscores the power of framing English learners as capable participants in
rigorous STEM practices. Sultana (2021) Thus, having students participate in experiments or
design processes where data is interpreted and problems are collaboratively solved turns
language into a tool of which to interact with the world around them. Engagement in this way
builds learner agency, boosts self-efficacy and motivation. The perceived task value and
intrinsic motivation of students are highly increased when they realize the relationship between
learning English and academic or career paths in the field, where they can catch more
opportunities.

Not only does doing these amplifies their benefits, but incorporating social-emotional learning
strategies and creative elements often found in STEAM. According to EImi (2020), positive
learning and cognitive engagement happen when there are supportive relationships and
emotionally responsive practices. In a similar vein, Hawari and Noor (2020) show how hands-
on, student-centered and collaborative interdisciplinary projects provide meaningful contexts
that build confidence in students and create emotional safety. In concert, these findings suggest
that real-world, problem-induced ESL-STEM environments successfully enhance emotional
engagement, foster confidence, and maintain intrinsic interest.

b. Collaboration and Social Interaction

Emotional Calibration: STEM-embedded ESL contexts highlight collaboration, socially shared
meaning making, and social interaction which result in enhanced emotional engagement.
Teaching collaboratively fosters psychologically safe spaces, providing a collective solution-
focused learning atmosphere rather than perfectionistic linguistic anxiety (Ali & Mokhtar,
2026; Awang Ali et al., 2025; Idris et al., 2024; Sultana et al., 2021). Likewise, integrated
STEM settings emphasize “language-inuse” (Idris et al., 2024; NASEM, 2018) focusing on
teacher-facilitated functional communication across multiple modalities while minimizing
tension and discomfort around formal accuracy. Focusing on meaningful participation instead
of correctness, these approaches strengthen learners’ confidence and further encourage
engagement.

Furthermore, peer-based frameworks confer social belonging on students, which drastically

reduces fear of negative evaluation (LaCosse et al., 2020). By experiencing and participating
together, students start to see academic struggle as normal and common rather than individual
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and personalized. Active, project-based learning further supports this emotional engagement
by normalizing error making as a part of exploration and growth (Ali & Mokhtar, 2026;
Campbell & Damico, 2023). These spaces lower anxiety and foster resilience, enabling
students to engage more meaningfully.

Furthermore, integrated and student-centered pedagogical approaches strengthen emotional
safety, as they place learning at the core of peer support and group problem-solving (Quintufia
& Herrera, 2024). Project-based and multidisciplinary activities develop soft skills and
facilitate peer-supportive atmosphere (Hawari & Noor, 2020). These frameworks help learners
feel more secure in learning contexts that tend to be high-stakes and performance-based, by
making long-term academic work collaborative.

Lastly, social-emotional learning strategies promote emotional engagement as they foster
empathy, relationships with opportunity and supportive adults and peers (EImi, 2020). Well-
designed collaborative instructional designs establish inclusive environments in which learners
feel supported and less vulnerable to negative judgment (Atobatele et al., 2024). Across these
studies, peer interaction serves as a foundational support enabling shared meaning-making,
lessening language anxiety and strengthening psychological safety that ultimately empowers
learners to confidently participate in STEM-integrated ESL classrooms.

c. Process-Oriented Learning

Process-based learning, with its ethos of exploration, experimentation, iteration and
development is key to STEM-integrated ESL contexts that engage learners emotionally.
Learning is framed as a developmental practice in this environment instead of a performative
chore. Mistakes are normalized as part of the learning process in a natural progression,
relieving learners’ anxiety around making language mistakes and building up their confidence
to participate (Idris et al., 2024).

Such Sadig (2024) describes that this must be the focus and why emotional intelligence
strategies within integrate (up to October 2023), encouraging risk taking and perseverance. By
learning to work together and be aware of themselves, students are more tolerant of the ups-
and-downs that come with deep learning. Fostering a supportive environment, this framework
alleviates language anxietyin and recontextualize errors as progressive experiences in both
personal and academic growth.

In addition to individual grit and resilience, McCoy describes how pedagogical structures that
intentionally promote collaboration by design are quite simply some of the most emotionally
engaged at the same time. According to Quintufia and Herrera (2024), integrated and interactive
models of learning support shared meaning-making and collective problem-solving. These
approaches make a safe psychological place for learning, reduce the fear of negative evaluation
(which arises if everyone works only on their own performance) and increase learners’
confidence within the socially supporting context.

One engaging finding is that LaCosse et al. highlight the need for belonging in maintaining this
engagement. (2020), who find that when students view academic challenges as common and
shared experiences, they are more likely to persist. By fostering an iterative mindset where
failures are considered opportunities to develop, this approach renders the trial-and-error
process more attainable due to its natural fit into methodical learning. In fact, students become
independent learners and take risks in learning which motivates them to explore more and to
experiment constantly all through their studies.
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4. Theoretical Foundations Linking Emotion, STEM, and ESL Learning

This conceptual paper draws on several theoretical perspectives to explain the role of emotional
engagement in STEM-integrated ESL learning.

According to control-value theory, the emotions of learners are affected by the perception that
they have control over learning tasks and value of tasks. When ESL is integrated into STEM
subjects, we likely provide learners more independence to investigate issues and make choices,
which may increase their perception and control. Simultaneously, this increases task value
perception because real-world relevance of STEM tasks is increased. These factors and others
contribute to positive achievement emotions including enjoyment and pride that supports
continued engagement and learning (Idris et al., 2024).

From a sociocultural view, learn is mediated by social interaction, tools and cultural practices
(Wan Hamedi et al., 2025; Hussein et al., 2025). Emotions in this theory are not individual
traits but socially constructed experiences arising from interactions in the classroom. Activities
designed to integrate STEM within ESL lessons provide such rich social contexts where
emotions are mediated through collaboration, dialogue, and shared problem-solving (Qiu et al.,
2025; Idris et al., 2024; Wang, Xin & Chen, 2024; Wang&Ye, 2021). Such emotionally
supportive exchanges propel learners through their zone of proximal development and foster
both linguistic and cognitive development.

Positive psychology postulates that positive emotions are also instrumental in broadening
cognitive and behavioural repertoires of the learner. In the context of language learning,
positive emotions (i.e., enjoyment and interest) have been related to learners' willingness to
communicate along with resilience (Zong & Yang, 2025). By integrating curiosity and
enjoyment of ESL learning with STEM matters, STEM-integrated ESL learning promotes
well-being, which is one of the factors supporting long-term language development as
documented by LaCosse et al. (2020).

5. Proposed Conceptual Framework

This paper presents a conceptual framework in which STEM-integrated ESL instructional

practices are considered as antecedents influencing learners’ emotional engagement and,

subsequently, mediating ESL learning outcomes based on the theoretical discussion. In the
proposed framework:

a) The extent to which learners experience positive emotions toward these features (e.g.
inquiry-based instructional tasks, collaboration, real-world problem-solving) has been
shown to impact their engagement and learning outcomes in STEM-integrated instruction
environments.

b) They classify emotional engagement in terms of positive emotions including interest,
enjoyment and confidence but also reduced anxiety.

c) ESL outcomes include willingness to communicate, language proficiency, and sustained
engagement.

d) Emphasis on emotional engagement could be that underlying critical psychological
mechanism elucidating the rationale of how and why STEM-integrated ESL learning works
to improve language learning outcomes.
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Figure 1: The proposed conceptual diagram

STEM-integrated ESL instruction, emotional engagement and ESL learning outcomes. Some
examples of strategies that make use of STEM-integrative instructional practices: inquiry-
based tasks, solving real-world problems, collaborative learning and hands-on projects are
STEM pedagogical input that shape how learners experience the classroom. The proposed
practices aim indirectly to impact ESL learning drawing on psychological mediating variable
which is emotional engagement. The levels of emotional engagement are reflected in learners’
interest, enjoyment, confidence and low level of language anxiety which arises while
undertaking any of the STEM based ESL activities. By having positive emotions as learners,
they are ready to talk and learn the English language in a meaningful way by not giving up on
the whole sequence. In conclusion, this framework posits effective and emotionally engaging
STEM-integrated instruction facilitates ESL learning outcomes that are contextualised within
the learners’ emotional experiences in interdisciplinary language learning contexts.

6. Directions for Future Research

Future research needs to transcend conceptual conversations by offering empirical evidence on
emotional engagement as a type of psychological mechanism that connects STEM-integrated
pedagogy with ESL outcomes. These include systematically comparing traditional and STEM-
based ESL classrooms, employing validated emotion measures (e.g., enjoyment, anxiety)
rooted in frameworks for understanding the personal experience such as Pekrun’s control value
theory (Pekrun, 2021), and applying both quantitative and qualitative methods to explore how
emotions shape communication and performance (Dewaele & Li, 2020; Reschly et al., 2020).
Studies should also investigate differences between age groups, cultural and educational
settings to evaluate the generalisability of emotional engagement (English, 2021; Wang et al.,
2021), while longitudinal designs are required to establish whether positive emotional
experiences result in sustained language development (Fredrickson, 2020). In addition, the
mediation of classroom emotional climate by teacher behaviors (Ryan & Deci, 2020), teaching
pathways for specific STEM tasks that effectively engage students must be critically
considered to move towards an evidence-based, context-sensitive and pedagogically effective
ESL practices (English, 2021; Pekrun, 2021).
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