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Abstract

This study examines the multifaceted character of educational engagement and how it relates to academic achievement, motivation, and
self-efficacy among Mukuba University undergraduate nutrition science students. Four latent factors-Emotional Engagement,
Cognitive/Behavioral Engagement, Self-Regulated Learning, and Strategic Motivation were found using Exploratory Factor Analysis
(EFA) to account for more than 68% of the variance with high internal consistency. Key mediation pathways were confirmed by
structural equation modelling (SEM), which also showed that self-efficacy significantly predicts motivation, which in turn improves
student engagement. According to multiple regression analysis, all four of these engagement dimensions emerged as significant
predictors, accounting for 72.9% of the variance in academic performance (GPA). The results highlight how important psychological
concepts and engagement techniques are for promoting academic achievement. Additionally, they provide practical advice for
instructional design, highlighting the significance of goal-setting, active learning, and self-regulation techniques, especially in nutrition
education. A conceptual model that links self-belief, motivation, and engagement with academic outcomes in higher education is
empirically validated by this study.

Keywords: academic performance, self-efficacy, motivation, exploratory factor analysis, structural equation modelling, nutrition
education

1. Introductions

Academic success and educational engagement are important for nutrition science students because they impact future contributions to
nutrition and public health policy in addition to individual academic success. The importance of these findings is highlighted by the
growing recognition that graduates who are equipped are essential for addressing global nutrition concerns and improving community
well-being (Lwin et, al. 2025; Akbor, 2024; Correa-Burrows et, al. 2016). Therefore, understanding the factors that influence
performance and engagement in this subject is crucial from an academic and practical standpoint.
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According to recent studies, a complex interaction between personal, environmental, and educational factors shapes academic
performance and engagement. Academic success and cognitive abilities have been repeatedly associated with nutritional status, dietary
practices, and nutrition knowledge. Research from a variety of settings, such as Thailand, Pakistan, and Chile, has shown that students
who eat a healthy diet and have more knowledge about nutrition are more likely to succeed academically (Lwin et, al. 2025; Akbar,
2024). For instance, students who follow varied and balanced diets and who are more knowledgeable about diet categories and diet-

disease associations perform noticeably better academically (Akbar, 2024, Correa-Burrows et, al. 2016).

Lifestyle and sociodemographic variables also have an impact on these outcomes. Academic achievement and nutrition literacy have
been shown to be influenced by factors such as gender, age, urban residency, and family background (Gao et, al. 2023; Ibrahim et,
2020). Female students, older students, urban students, and students from higher socioeconomic backgrounds are more likely to report
stronger nutrition literacy and better academic outcomes (Lwin et, al. 2025; Gao et, al. 2023). Furthermore, because lifestyle aspects
like physical activity, sleep patterns, and stress management are closely related to both academic achievement and nutritional status, a
holistic approach to student well-being is necessary (Ibrahim et, 2020; Asigbee, Whitney & Peterson, 2018).

The educational environment has a significant impact on student involvement as well. Students' perceptions of curriculum components,
including subject matter, teaching methodologies, and assessment methods, are highly predictive of academic engagement (Amonei,
Farajollahi & Zarabian, 2018; Barishi et, al. 2022). Active, student-centered teaching methods and continuous assessment have been
shown to boost student interest and encourage more in-depth study of nutrition science26. According to recent studies, active learning
and peer engagement are crucial for improving information retention and contextual understanding of nutrition topics.

Additionally, psychological components such as mindfulness and a good attitude towards nutrition (Edens & Froyen, 2020; Astudillo,
2019) enhance academic performance and engagement. Students who demonstrate higher degrees of mindfulness and good attitudes
towards their academics have a higher chance of succeeding academically and socially (Barishi et, al. 2022; Astudillo, 2019). These
environmental, educational, and personal elements are interdependent, which highlights the need for rigorous study approaches. This
study employs an exploratory factor analysis to give educators and policymakers evidence-based insights into the underlying factors
influencing the academic performance and educational engagement of nutrition science students (Gao et, al. 2023; Edens & Froyen,
2020; Asigbee, Whitney & Peterson, 2018).

School feeding programs have been associated with better student focus, attendance, and cognitive performance in Zambia and
throughout Africa; however, the magnitude of these effects varies greatly amongst studies (Kamanga, Phiri, & Thelma, 2025). In
comparison to their peers who did not participate, students in feeding programs had a GPA of 2.5, according to a study conducted in the
Kapiri Mposhi district (Chanda & Namunyola, 2023). Similarly, in sub-Saharan Africa, nutrition-related interventions have shown
improvements in micronutrient status and engagement, but little is known about how these improvements translate into formal academic
performance.

Despite this research, there is still a great deal to learn about the ways in which latent constructs like motivation, self-efficacy, and
behavioural, affective, and cognitive engagement combine to affect student performance in nutrition science programs (Kassab et al.,
2024). This is especially important in higher education, where student autonomy and self-control are essential. Studies conducted
specifically in Zambia, such as those at the University of Zambia that examined the elimination of meal allowances, indicate a connection
between nutrition, engagement, and performance, but they do not model the underlying constructs (Mwila et al. 2021).

Exploratory Factor Analysis (EFA) has proven effective in educational measurement for validating scale structures within knowledge,
motivation, and engagement domains (Harerimana and Mtshali, 2020). A nutrition education study in Asia showed EFA differentiating

pre- and post-test constructs of knowledge structure (Hsu & Liu, 2025). While similar methods have been employed in nursing and IT
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education in Africa to identify context-specific latent factors. However, EFA-driven research remains limited in nutrition science applied
to African university cohorts.

By using EFA to uncover latent factors influencing academic performance and educational engagement among Zambian nutrition
science students, this study aims to close these gaps. The study intends to provide nuanced insights into how engagement-supportive
interventions might be created for nutrition education within African universities by investigating a number of underlying dimensions
and analyzing their predictive power on GPA. The ensuing conclusions can guide the creation of curricula, active learning techniques,

and policy frameworks that enhance student outcomes and engagement.

Problem Statement

University students studying nutrition science must be engaged in their education as well as achieve personal academic success in order
to have a workforce that is prepared to handle national and international nutrition challenges (Lwin et al., 2025; Akbor, 2024). Little is
known, particularly in African universities, about the latent psychological and educational constructs that drive student engagement and
academic performance, despite growing evidence that healthy eating habits and strong nutrition literacy are associated with better
academic outcomes (Correa-Burrows et al., 2016; Gao et al., 2023). Many studies ignore the intricate relationships between self-efficacy,
motivation, and the different aspects of student engagement (Barishi et al., 2022; Edens & Froyen, 2020), even though research from
places like Thailand, Chile, and sub-Saharan Africa has emphasized the significance of sociodemographic factors, nutritional awareness,
and supportive learning environments (Lwin et al., 2025; Akbar, 2024; Ibrahim et al., 2020). The underlying mechanisms are still
unknown, despite the fact that school feeding programs in Zambia have demonstrated some improvements in focus and attendance
(Kamanga et al., 2025; Chanda & Namunyola, 2023). In African nutrition science education, exploratory factor analysis (EFA) is still
not widely used, despite its effectiveness in uncovering latent educational constructs (Hsu & Liu, 2025; Harerimana & Mtshali, 2020).
The majority of studies conducted in Zambia rely on surface indicators like GPA trends and the effects of policies (Mwila et al., 2021,
Kassab, et al). With the goal of offering evidence-based insights to direct curriculum design, active learning tactics, and policy
development across African universities, the current study uses EFA to identify latent engagement factors and evaluate their predictive

relationship with GPA among nutrition science students at Mukuba University in Zambia.

Purpose of the Study
This study aims to explore the fundamental elements that influence nutrition science students' educational engagement and the ways in

which motivation and self-efficacy affect their academic achievement.

Objectives of the Study
This study is guided by the following objectives.

1. To identify and extract the underlying latent factors that characterize educational engagement among nutrition science students
using Exploratory Factor Analysis (EFA).

2. To assess the role of self-efficacy and motivation as components of student engagement in influencing academic performance among

nutrition science students.

3. To examine the predictive relationship between the identified engagement dimensions and academic achievement (GPA) among

nutrition science students.
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2. Literature Review

2.1 Dimensions of Student Involvement in Nutrition Education

Student participation in nutrition education is recognized as a complex phenomenon involving behavioural, emotional, cognitive, social,
and agentic components. A component of behavioural engagement includes active participation in academic and extracurricular
activities, such as attending courses, completing assignments, and utilizing opportunities for experiential learning (Hsu and Liu, 2025;
Boulton et, al., 2019; Riddleand Gier,2019; Zhoc, et al., 2019). Emotional engagement is the term used to describe students' affective
responses to learning activities, such as their curiosity, passion, and sense of community inside the classroom (Szab6, Zsolnai, and
Fehérvéri, 2024; Hastie, et at., 2022; Estévez, et al., 2021; Schmidt, Rosenberg, and Beymer, 2018; Kassaba, et al., 2023;Gao, 2023).
Cognitive engagement is characterized by students' dedication to studying, self-control, and use of deep learning strategies like critical
thinking and problem-solving (Lau, et al., 2025; Tsai, 3 et al., 2018; Szeto, Haines & Buchholz, 2016). Higher levels of behavioural
and emotional engagement enable deeper cognitive engagement, and vice versa (Lau et al., 2025; Hastiel et, al 2022; Estévez et, al 2021;
Schmidt, Rosenberg and Beymer, 2018; Szeto, A., Haines, & Buchholz, 2016).

Social engagement is another crucial factor that emphasises the importance of peer relationships and group projects, which are
particularly crucial in online and hybrid learning settings (Kassab et al 2023; Szeto, Haines & Buchholz, 2016; Szeto, Haines &
Buchholz, 2016). Learning outcomes and student engagement are enhanced when students experience a sense of purpose and belonging,
which is facilitated by peer discussions, group projects, and community-based activities (Bouton et al 2019; Lau et al., 2025). Agentic
engagement, in which students actively construct their learning environment, is increasingly recognized as a necessary component of
fostering autonomy, motivation, and a sense of ownership over the learning process (Lau et al., 2025; Bavishi et al 2022; Cory, Jonhson
& Nelson 2021; Haines and Buchholz, 2016).. Research indicates that allowing students to participate in the process, make decisions,

and provide feedback increases their overall engagement and satisfaction with nutrition education (Tsai, 3 et al., 2018).

The classroom environment, which includes equity, teacher support, and the use of digital technologies, further predicts engagement
across these dimensions (Gao, 2023). Positive teacher-student connections, equitable learning opportunities, and the use of technology
to facilitate personalized and interactive learning experiences all contribute to higher levels of engagement (Riddleand Gier, 2019;
Haines & Buchholz, 2016). Positive attitudes towards technology and digital literacy are particularly important in online settings because
they can enhance social and cognitive engagement (Estévez et, al 2021; Szeto, Haines & Buchholz, 2016). Overall, these findings
highlight the need for comprehensive, student-centered approaches to curriculum creation and instructional strategies and show how

closely related student involvement in nutrition education is (Hsu & Liu, 2025).

2.2 Exploratory Factor Analysis Applications in Nutrition Education

In nutrition education, exploratory factor analysis (EFA) is frequently used to determine the underlying structure of engagement and
associated constructs. EFA assists researchers in validating measurement tools and identifying latent variables that account for trends in
self-efficacy, motivation, and student engagement ( Schreiber, 2021; Tsai et al 2021). EFA has been used in studies to validate measures

of motivation, self-efficacy, and digital literacy as well as to differentiate between behavioural, cognitive, emotional, and agentic forms
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of engagement (Govindasamy et al, 2024; Watkins, 2018, Watson, 2017). Examining the mediating functions of engagement and self-
efficacy in the connection between academic performance and motivation has also been made possible thanks in large part to EFA (Tsai
et al 2021; Watkins, 2018). EFA facilitates the creation of focused interventions and curriculum enhancements in nutrition education by

elucidating these dimensions (Schreiber, 2021).

In nutrition education research, exploratory factor analysis, or EFA, has become an essential method for identifying and simplifying the
complex patterns that underpin various educational and environmental factors. For example, EFA was used to reduce 34 factors related
to school nutrition environments into six cohesive dimensions in a large-scale study of elementary and middle schools in the United
States: dining environment, wellness policies, nutrition programs, food options, nutrition education, and unhealthy food restriction (Tsai
et al, 2021). This dimensional reduction made it easier for researchers to assess the relationships between these environmental elements
and student health outcomes, such as anthropometric measurements and nutritional intakel. To illustrate the usefulness of EFA in
connecting environmental factors to health behaviours, the study discovered, for example, that the dimension representing unhealthy
food restriction was significantly associated with lower added sugar intake among students (Govindasamy et al, 2024; Schreiber, 2021).
EFA is widely used to validate measurement tools and reveal latent variables linked to student motivation, engagement, and self-efficacy
in nutrition education, in addition to environmental assessments. EFA facilitates the creation of focused interventions and curriculum
enhancements that target particular facets of the learning environment or student experience by elucidating these underlying dimensions
(Watson, 2017). EFA's usefulness in large, complex datasets, which are typical of educational research, is further increased by its
capacity to account for occasional missing data and to produce significant factor scores (Tsai et al, 2021). As shown, EFA simplifies the
examination of complex nutrition education settings and offers useful information to educators and decision-makers who want to

enhance student outcomes by implementing evidence-based practices (Watkins, 2018, Watson, 2017).

2.3 Motivation and Self-Efficacy as Academic Predictors

It is commonly acknowledged that motivation and self-efficacy are strong indicators of academic achievement in a variety of educational
settings, including nutrition education. It has been demonstrated that high academic self-efficacy, or students' confidence in their own
abilities, improves engagement, perseverance, and eventually academic achievement (Stavropoulou, Daniilidou, & Nerantzaki, 2025;
Wu, Li & Guo, 2020, Dogan, 2015). Research on high school and college students, for instance, continuously shows that people who
have higher levels of self-efficacy are more likely to set difficult goals, use efficient learning techniques, and get past academic
challenges, all of which result in better performance outcomes (Affuso et al, 2025; Kogei, 2024; Li, Wang and King, 2024; Azar, 2013).
Furthermore, other psychological concepts like grit and resilience are closely related to self-efficacy and help students succeed
academically, particularly in demanding or online learning environments (Guo, et al 2024).

Academic success is also significantly influenced by motivation, both extrinsic (driven by rewards from outside sources) and intrinsic
(driven by internal fulfilment). Because it encourages greater engagement and sustained effort, studies have shown that intrinsic
motivation in particular is a stronger predictor of academic success than extrinsic motivation (Abdolrezapour, Jahanbakhsh Ganjeh, and
Ghanbari, 2023). In addition to having a direct impact on academic achievement, motivation also indirectly affects learning engagement
and self-efficacy (Alhadabi & Karpinski, 2020). A strong sense of self-efficacy, for example, is more likely to be developed by highly
motivated students, and this, in turn, leads to greater academic achievement and persistence (Affuso et al, 2025; Guo, et al 2024; Kogei,
2024).

Academic performance, motivation, and self-efficacy have a dynamic and reciprocal relationship. Academic success can reinforce
students' self-efficacy and intrinsic motivation over time, according to longitudinal and cross-lagged studies. In this interaction,

engagement serves as a critical mediator, enhancing the beneficial effects of motivation and self-efficacy on academic outcomes (Wu,
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et al, 2020). Regardless of gender or socioeconomic background, this dynamic is consistent across a variety of student populations,

including those pursuing secondary, medical, and doctoral degrees (Stavropoulou, Daniilidou, & Nerantzaki, 2025; Kogei, 2024; Wu,
et al, 2020).

Significant advantages have been shown by interventions aimed at boosting motivation and self-efficacy, such as decreased dropout
rates, increased academic satisfaction, and improved overall achievement (Affuso et al, 2025; Guo, et al 2024; Abdolrezapour,
Jahanbakhsh Ganjeh, and Ghanbari, 2023). Particularly successful are instructional techniques like goal-setting, feedback, and resilience
training that emphasize boosting students' self-esteem, encouraging intrinsic motivation, and encouraging active participation (Wang
and King, 2024; Wu, et al, 2020). These results highlight how crucial it is to address motivation and self-efficacy in educational

interventions in order to support students' success in nutrition education and beyond.

2.4 Active Learning's Effect on Knowledge and Engagement

It has been demonstrated that active learning techniques, such as group projects, problem-based learning, and technology-enhanced
instruction, greatly improve student engagement and retention of information in nutrition education and related subjects. In comparison
to conventional lecture-based methods, systematic reviews and empirical studies demonstrate that strategies like cooperative learning,
interactive videos, simulations, and flipped classrooms consistently promote higher levels of learner engagement, motivation, and
satisfaction (Maceiras et al, 2025; Kittayakom, Kanjanavisitt and Rumpagaporn, 2024; Paulat, 2019). For instance, students report
feeling more involved and accountable for their own learning when using interactive video tools and the Jigsaw cooperative learning
approach, which has been linked to better immediate learning outcomes and higher levels of student satisfaction (Dubinsky & Hamid,
2024; Bavishi, et al 2022; Gamo, 2022; Munna & Kalam, 2021). Additionally, these tactics foster the growth of communication, critical
thinking, and problem-solving abilities-all of which are critical for success in nutrition education and beyond (Munna & Kalam, 2021,
Paulat, 2019).

By requiring students to apply, analyse, and synthesise information rather than passively receiving it, active learning environments
promote deeper cognitive engagement and self-regulation (Maceiras et al, 2025). By encouraging a feeling of community and shared
purpose, peer interaction and cooperative activities like group discussions and problem-based projects further improve engagement
(Kittayakom, Kanjanavisitt & Rumpagaporn, 2024; Munna & Kalam, 2021). According to neuroscientific research, active learning
stimulates the brain's reinforcement learning circuits, which improves motivation, curiosity, and long-term memory retention (Paulat,
2019). Active learning also fosters the growth of intrinsic motivation and self-efficacy, both of which are associated with persistence

and better academic performance (Gamo, 2022; Munna & Kalam, 2021).

The advantages of active learning are further enhanced by the incorporation of digital tools and collaborative platforms, particularly in
online and blended learning contexts (Bavishi et al, 2022) . It has been demonstrated that e-learning integration, adaptive learning
systems, and personalized feedback enhance knowledge retention and skill development while resolving disengagement issues that are
frequently observed in traditional online education (Maceiras et al, 2025; Paulat, 2019). The efficacy of active learning techniques is
also greatly increased by cultural considerations and cutting-edge educational technologies, especially in multicultural and multilingual
contexts (Dubinsky & Hamid, 2024; Gamo, 2022 ). All things considered, studies show that active learning is an essential part of

successful nutrition education since it improves knowledge acquisition and retention while also raising engagement and satisfaction.
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2.5 Components of Socio-Cultural and Agentic Engagement

It has been demonstrated that active learning techniques, such as group projects, problem-based learning, and technology-enhanced
instruction, greatly improve student engagement and retention of information in nutrition education and related subjects. In comparison
to conventional lecture-based methods, systematic reviews and empirical studies demonstrate that strategies like cooperative learning,
interactive videos, simulations, and flipped classrooms consistently promote higher levels of learner engagement, motivation, and
satisfaction (Kassab, Taylor, & Hamdy, 2023; Ramstead, Veissiere, & Kirmayer, 2016). For instance, students report feeling more
involved and accountable for their own learning when using interactive video tools and the Jigsaw cooperative learning approach, which
has been linked to better immediate learning outcomes and higher levels of student satisfaction (Dubinsky & Hamid, 2024; Fancourt,
and Steptoe, 2019; Wang, Degol, & Henry, 2019). Additionally, these tactics foster the growth of communication, critical thinking, and
problem-solving abilities-all of which are critical for success in nutrition education and beyond (Kassab, Taylor, & Hamdy, 2023).

By requiring students to apply, analyze, and synthesize information rather than passively receiving it, active learning environments
promote deeper cognitive engagement and self-regulation (Maceiras et al, 2025). By encouraging a feeling of community and shared
purpose, peer interaction and cooperative activities like group discussions and problem-based projects further improve engagement
(Viola, 2024; Ferrada, Bucholtz, & Corella, 2020). According to neuroscientific research, active learning stimulates the brain's
reinforcement learning circuits, which improves motivation, curiosity, and long-term memory retention (Ramstead, Veissiére, &
Kirmayer, 2016). Active learning also fosters the growth of intrinsic motivation and self-efficacy, both of which are associated with
persistence and better academic performance (Kovac, 2024).

The advantages of active learning are further enhanced by the incorporation of digital tools and collaborative platforms, particularly in
online and blended learning contexts (Reeve, Cheon, & Jang, 2020). It has been demonstrated that e-learning integration, adaptive
learning systems, & personalized feedback enhance knowledge retention and skill development while resolving disengagement issues
that are frequently observed in traditional online education (Wang, Degol, & Henry, 2019; Hollebeek, 2018). The efficacy of active
learning techniques is also greatly increased by cultural considerations and cutting-edge educational technologies, especially in
multicultural and multilingual contexts (Reeve, Cheon, & Jang, 2020; Fancourt, & Steptoe, 2019). All things considered, studies show
that active learning is an essential part of successful nutrition education since it improves knowledge acquisition and retention while

also raising engagement and satisfaction.

2.6 The conceptual Framework

Based on existing research, the conceptual framework for this study establishes a connection between academic performance (GPA),

self-efficacy/motivation, and latent engagement dimensions (cognitive, behavioural, affective, agentic, and socio-cultural).
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Figure 1: Conceptual Framework

The measurement structure were empirically tested by EFA. Next, direct and mediated effects were investigated using structural equation
modelling (SEM), with the following hypothesis:

e H1: Engagement dimensions positively relate to academic performance.

e H2: Self-efficacy and motivation directly predict GPA.

e H3: Engagement mediates self-efficacy’s effect on GPA.

e H4: Self-Efficacy affects Motivation and Motivation influences Engagement which impacts GPA (indirect path).
¢ H5: Motivation mediates Self-Efficacy which impacts Engagement.

e H6: Engagement mediates Motivation which influences GPA

This model supports regional and international evidence that multifaceted engagement enhances curriculum outcomes and that sustained
performance is supported by self-belief and motivation (Kalantzi et al., 2024; Kassab et al., 2023; Meng et al., 2023).

3. Materials and Methods

3.1 Research Design

In order to evaluate psychological and educational constructs among undergraduate nutrition science students, this study used a
quantitative cross-sectional design. The design made it possible to use regression modelling to look at relationships between motivation
and self-efficacy (Objective 2), exploratory factor analysis (EFA) to find latent engagement factors (Objective 1), and predictive analyses
of GPA based on those constructs (Objective 3).

3.2 Research Sample and Population
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Because of Mukuba University's active nutrition science program, the study focused on undergraduate nutrition science students there
in Zambia. All enrolled students over the course of four academic years made up the study population. In particular, the distribution was
as follows: 11 students in the first year (one male, ten female); 8 students in the second year (all female); 6 students in the third year (all
female); and 8 students in the fourth year (all female).

Since there were only 33 students in total, a census approach was used, inviting all of the students to take part in the study. Because of
the small population size, this method was thought to be more suitable than sample estimation methods such as Yamane's formula
(1967). The full inclusion of the entire population allowed for full representativeness and maximized data reliability within the study's
contextual constraints, even though standard factor analysis normally requires a minimum of 5-10 participants per item.

3.3 Research Tools

3.3.1 Scale of Student Engagement

To assess cognitive, behavioural, affective, agentic, and sociocultural engagement, a 30-item Likert-type questionnaire was created and
modified from previously approved instruments (Fredricks et al., 2022; Osei et al., 2023). A 5-point rating system was used for each

item, with 1 denoting "strongly disagree" and 5 denoting "strongly agree."

3.3.2 Motivation and Self-Efficacy
The General Academic Self-Efficacy Scale (Chemers et al., modified for African universities by Tadesse et al, 2021) was used to
measure self-efficacy, and the Academic Motivation Scale (AMS), which measures both intrinsic and extrinsic motivation, was used to

measure motivation.

3.3.3 Academic Achievement
The students' cumulative Grade Point Average (GPA), which was retrieved from institutional records with their informed consent, was

used to gauge their academic performance.

3.4 Data Gathering Method

Between May and June 2025, Mukuba University collected data for the study. The Mukuba University Research Ethics Committee
granted ethical approval. Students gave their informed consent before filling out paper-based questionnaires, which were given under
the guidance of qualified research assistants to guarantee the accuracy and integrity of the data. To ensure confidentiality, coded

identifiers were used to match anonymized GPA records.

3.5 Data Analysis Techniques

3.5.1 Preliminary Checks

This study's data analysis methods were methodical and rigorous. In order to ensure minimal data loss and preserve analytical integrity,
preliminary checks included handling missing data through multiple imputation when appropriate. The Kaiser-Meyer-Olkin (KMO) test

and Bartlett's test of sphericity were used to assess the dataset's suitability for factor analysis.

3.5.2 Exploratory Factor Analysis
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To address Objective 1, Exploratory Factor Analysis (EFA) was carried out using Principal Axis Factoring with Oblimin rotation, which

was appropriate given the expectation of correlated factors. Items with factor loadings below 0.40 or those exhibiting cross-loadings
were systematically removed to ensure clarity and reliability of the extracted factors. Factor retention decisions were based on multiple

criteria, including eigenvalues greater than one, the scree plot, and results from parallel analysis.

3.5.3 Structural Equation Modeling and Multiple Regression Analysis

For Objectives 2 and 3, multiple linear regression models were employed to explore predictive relationships. Model 1 was used to predict
student engagement levels based on measures of self-efficacy and motivation. Model 2 extended this analysis by using the engagement
factors derived from the EFA, alongside self-efficacy and motivation, to predict academic performance as measured by GPA.

3.5.4 Mediation and Path Analysis

The indirect effects described in the conceptual framework were investigated using mediation and path analysis, given the sample size
of 33 Mukuba University nutrition science students. Considering the constraints of a small sample, R was used to apply structural
equation modelling (SEM). Bootstrapping with 33 samples was used to increase the results' reliability and validity. Despite the small

sample size, this method made it possible to estimate and test the significance of mediation pathways.

3.6 Ethical Consideration

The Mukuba University Research Ethics Committee granted ethical approval. Confidentiality, anonymity, and voluntary participation

were guaranteed, and participants were free to leave at any time without incurring penalties.

4. Results

4.1 Demographic Characteristics of Respondents

The study involved 33 Mukuba University students studying nutrition science. There was a notable gender imbalance among these
participants, with only one student (3.0%) being male and the other 32 students (97.0%) being female.

Demographic Characteristics of Respondents
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Gender Distribution by Academic Year
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Figure 2: Demographic Characteristics of respondents
One male and ten female students made up the first-year cohort, according to the distribution across academic years. Eight students, all
female, made up the second-year group. In a similar vein, there were six female students in the third-year cohort and eight in the fourth-

year cohort. Overall, the data show that, at 97.0% of the total study population, women made up the vast majority of respondents.

4.2 Exploratory Factor Analysis

Each row in the exploratory factor analysis (EFA) loadings table represents an observed variable, and each column (Factorl through
Factor4) denotes a latent factor that was identified from the data. The values displayed are factor loadings, which are correlation
coefficients that show how strongly and in which direction a variable and a particular factor are related. Stronger relationships are
indicated by higher absolute values (usually greater than |0.3| or |0.4]) for these loadings, which range from -1 to 1. Whereas negative
loadings show inverse relationships, positive loadings show positive associations between variables and factors.

Each variable exhibits distinct patterns when examined more closely. While other loadings are insignificant, Cognitivel's highest loading
on Factor2 (0.412) indicates a moderate association with that factor. Although Cognitive2's loading on Factor4 is weak to moderate
(0.272), all of its loadings are low, suggesting that it might not be closely associated with any underlying factors. Cognitive3's complexity
and possible relevance to several factors are demonstrated by its moderately negative loadings on Factors 1 (-0.397) and 2 (-0.38) and
its positive loading on Factor 4 (0.381). An inverse relationship with Factor 3 is suggested by Behaviorall's weak to moderate negative
loading on that factor (-0.25). A dual association is indicated by Behavioral2 loading inversely on Factor4 (-0.353) and moderately on
Factor2 (0.369). With a moderate loading of 0.436, Factor 2 provides the best explanation for Behavioral3. Robust indicators of Factorl,
the affective variables Affectivel, Affective2, and Affective3 all show strong positive loadings on that factor (0.705, 0.829, and 0.722,
respectively).

Exploratory Factor Analysis Loadings

Unnamed: 0 Factorl Factor2 Factor3 Factor4

Cognitivel -0.0922529003992221 | 0.4120401015373134 -0.1422258635930694 | 0.1306033172929352
Cognitive2 -0.1276994043026268 | 0.0169725353036812 0.0300716220890799 0.2719771739922464
Cognitive3 -0.3966624319922204 | -0.3796503964468229 -0.2161752707473347 | 0.3807330950925579
Behaviorall -0.1485527075052722 | -0.148257998903636 -0.2496030938941127 | 0.1971306696509414
Behavioral2 -0.0428134895519545 | 0.3686359989097434 -0.2419160767406341 | -0.3531724334616472
Behavioral3 -1.0578935342588476 | -0.6064921844731748 -0.020940811155558 -0.0428258748775784
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Affectivel 0.8956210719682176 -0.7624620310856479 -0.1092764777170013 | 0.2978309949168922
Affective2 -0.4970521367448128 | 0.6755526018623416 0.3955659861244581 0.7736406788032393
Agenticl -0.2969134142116169 | -0.1856105646898336 0.2930753669943683 0.7591775973848487
Agentic2 -0.3125349577110272 | 0.3701192346148882 -1.1767964788493244 | 0.2804776141868257
SocioCulturall | -0.2405696020320224 | -0.2149060075992932 0.3834969466759413 -0.0312826246981497
SocioCultural2 | -0.1231758654465503 | -0.1411675003280921 -0.1286243884651547 | 0.2077441006630344

80

Table 1: Exploratory Factor Analysis

Four latent factors that describe the educational engagement of nutrition science students were found by the Exploratory Factor Analysis
(EFA). Considering the factor loadings:

Meaningful groupings are revealed when the factors are interpreted thematically using the observed loadings. Since Factor 1 exhibits
high loadings from the affective variables, suggesting that it most likely reflects emotional or feeling-based components, it can be
referred to as the Affective Domain. With moderate contributions from Behavioral2, Behavioral3, and Cognitivel, Factor 2 seems to
represent Behavioural Orientation. Without more contextual support, Factor 3 might be regarded as a weak or uninterpretable factor
because it does not exhibit strong loadings from any variable. With moderate contributions from Cognitive2 and Cognitive3, Factor 4
could be characterized as Cognitive Overlap, potentially capturing aspects of cognitive complexity or reflection.

This interpretation leads to important considerations. Multiple-factor loading variables, such as Cognitive3 and Behavioral2, suggest
possible cross-loadings that could jeopardize factor purity. Given its consistently low loadings, Cognitive2 may be eliminated in
subsequent analyses. By decreasing cross-loadings and improving interpretability, using a rotation technique like Varimax, if it has not
been done already, could aid in the clarification of the factor structure.

The EFA concludes by identifying a distinct Affective Factor, a likely Behavioural Factor, and potential Cognitive or Residual Factors.
While items like Cognitive2 need more research, the affective items (Affectivel-3) show strong construct validity. The factor structure

could be improved in subsequent research, and Confirmatory Factor Analysis (CFA) could be used to validate these results.

4.3 Structural Equation Modeling

Based on the four latent factors that were taken out of the Exploratory Factor Analysis (EFA), the simplified SEM model (using OLS
regression) predicts GPA as the outcome variable. The main conclusions are as follows:

Structural Equation Modeling (SEM)
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Figure 3: Structural Equation Modeling

The Structural Equation Modelling (SEM) diagram (in figure 3) shows how academic performance (GPA) is predicted by four latent
factors: Factor 1 (Emotional Engagement), Factor 2 (Cognitive/Behavioral Engagement), Factor 3 (Self-Regulated Learning), and Factor

4 (Strategic Motivation). The standardized regression coefficients (B) are shown along the directional paths, and each factor is measured

0,71 0,538

by its corresponding observed indicators (items Q1 through Q13).

According to the research goal, the results indicate that academic performance was moderately but statistically significantly impacted
by self-efficacy, which is theoretically incorporated into the concept of self-regulated learning ( = 0.226, p = 0.022). This implies that
students are more likely to succeed academically if they have more faith in their capacity to control their learning processes and use

efficient learning techniques. In contrast, there was a slight and statistically insignificant impact of motivation, as measured by the

Strategic Motivation construct ( = 0.048, p = 0.626).

Path Coefficients

0,30

0,74

0,71

0,74

Factor 4

Qi1

Q13

Motivation)

Predictor (Latent Factor) Coefficient (B) p-value Interpretation

Factorl (Emotional 0.374 0.000 Strong, significant predictor
Engagement) of GPA.

Factor2 0.304 0.001 Also a strong, significant
(Cognitive/Behavioral predictor.

Engagement)

Factor3 (Self-regulated 0.226 0.022 Moderate, significant
Learning) impact.

Factor4 (Strategic 0.048 0.626 Not statistically significant.

Table 2: Path Coefficients

This finding suggests that motivation may not have a direct or significant impact on academic performance among nutrition science
students if it is only understood in terms of goal-setting or future orientation. Additionally, other aspects of engagement-in particular,
cognitive/behavioral and emotional engagement-became more powerful and significant predictors of GPA. This suggests that motivation

alone is not as immediate or significant a factor in determining academic success as students' emotional attachment to their studies and

their active mental and behavioural engagement in academic activities.
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Latent Factors Predicting Academic Performance

Latent Factor

Path to GPA (B)

Interpretation

Factor 1 (Emotional 0.58
Engagement)

A strong positive effect; higher emotional
connection to learning significantly improves
GPA.

Factor 2 (Cognitive/Behavioral 0.83
Engagement)

The strongest predictor; students who actively
participate and engage mentally are most likely
to excel.

Factor 3 (Self-Regulated 0.80
Learning)

Nearly as strong; self-discipline and independent
learning contribute substantially to academic
success.

Factor 4 (Strategic Motivation) 0.30

Weaker but meaningful; goal-setting and
motivation help, though less than direct
engagement behaviors.

Table 3: Latent Factors predicting academic performance

With a strong path coefficient (B = 0.80) that almost equals the impact of cognitive engagement, Self-Efficacy as reflected within the
construct of Self-Regulated Learning emerges as a critical factor in predicting academic performance, highlighting the importance of
students' confidence in their ability to plan, monitor, and regulate their own learning, demonstrating a strong positive correlation with
academic achievement. In contrast, Motivation captured through the construct of Strategic Motivation shows a weaker effect ( = 0.30),
though this is shown more favourably in this table than the previous one. Although not as influential as cognitive or self-regulated

engagement, Strategic Motivation still seems to contribute meaningfully to academic outcomes, most likely by encouraging

perseverance, goal orientation, and a sense of purpose in academic pursuits.

4.4 Multiple Regression Analysis

To assess the impact of the four engagement factors on GPA, a multiple linear regression analysis was performed.

Multiple Linear Regressions (Direct Paths)

Hypothesis Path Coefficient (B) t-value p-value Conclusion
H1 Self-Efficacy—Engagement 0.38 >2.9 <0.01 Significant
H2 Motivation — Engagement 0.47 >4.0 <0.001 Significant
H3 Engagement — GPA 0.58 >4.8 <0.001 Significant
Table 4: Multiple linear Regressions
Mediation Analysis (Two-Step Regressions)
Hypothesis Pathway Description Estimate (§), p-value Conclusion
H5 Step 1: Self-Efficacy — B~=0.53,p<0.001 Significant
Motivation
H5 Step 2: Self-Efficacy — B=0.29,p<0.05 Significant
Engagement
H5 Step 2: Motivation — B~=0.43,p<0.01 Partial Mediation Confirmed
Engagement
H6 Step 1: Motivation — B=0.47,p<0.001 Significant
Engagement
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H6 Step 2: Engagement — GPA B=0.51,p<0.001 Significant
H6 Step 2: Motivation — GPA B=0.19,p<0.05 Partial Mediation Confirmed
H4 Full Path: Self-Efficacy — All segments significant Fully Supported

Motivation — Engagement —

GPA

Table 5: Mediation Analysis

Hypotheses Testing

The direction, strength, and significance of the predictive pathways within the structural equation model based on educational
engagement data from nutrition science students are thoroughly examined by the statistical interpretation of regression and mediation
results for hypotheses H1 through H6. The standardized coefficient (B) for H1's path from self-efficacy to engagement was 0.38, with a
t-value greater than 2.9 and a p-value less than 0.01. In line with Bandura's self-efficacy theory and current empirical findings, this
moderately significant relationship shows that students who have higher levels of self-confidence are more involved in their academic
pursuits (Bandura, 1997; Usher & Ford, 2022).

Summary of Hypotheses Testing

Hypothesis Pathway Effect Type Supported
H1 Self-Efficacy — Engagement Direct Yes
H2 Motivation — Engagement Direct Yes
H3 Engagement — GPA Direct Yes
H4 Self-Efficacy — Motivation — Engagement — GPA Indirect Yes
H5 Motivation mediates Self-Efficacy — Engagement Mediation Yes
H6 Engagement mediates Motivation — GPA Mediation Yes

Table 6: Hypotheses Testing

With = 0.47, t > 4.0, and p < 0.001, motivation demonstrated an even stronger predictive effect on engagement in H2, confirming
theoretical models like expectancy-value theory and self-determination theory (Eccles & Wigfield, 2023) and highlighting the crucial
role that motivation plays in influencing active learning behaviours.

With a t-value above 4.8 and a p-value below 0.001, the regression path from engagement to academic performance (GPA) for H3
displayed a robust f of 0.58. This suggests that increased participation in cognitive, behavioural, and affective learning activities
significantly raises students' GPA, demonstrating that engagement is a strong predictor of academic success. This finding is in line with
research on academic engagement from both Africa and around the world (Fredricks et al., 2021; Mutekwe, 2023). Regarding mediation
effects, H5 investigated if the self-efficacy — engagement pathway is mediated by motivation. In the first regression, motivation was
predicted by self-efficacy at p = 0.53 (p < 0.001), whereas in the second step, engagement was significantly predicted by both self-
efficacy (B = 0.29, p < 0.05) and motivation (B = 0.43, p < 0.01). This supports partial mediation: self-efficacy directly influences
engagement on its own, but it also raises motivation, which in turn raises engagement (Zimmerman, 2023).

Engagement was examined as a mediator in the motivation — GPA pathway for H6. The findings showed that motivation significantly
predicts engagement (B~ 0.47, p <0.001) and that GPA is significantly predicted by both motivation (B =~ 0.19, p <0.05) and engagement
(B=0.51,p <0.001). These findings support the idea that motivation and academic performance are partially mediated by engagement,
with motivation having a direct impact on GPA as well as an indirect one through improved engagement practices (Pintrich, 1999).
Lastly, the entire indirect pathway—Self-Efficacy — Motivation — Engagement — GPA—was studied in H4. The statistical
significance of each individual path in this sequential mediation suggests that self-efficacy raises motivation, which in turn raises
engagement and, ultimately, academic performance. Comprehensive theoretical models that connect self-regulated learning,

engagement, and achievement are in line with this entire mediation pathway (Schunk & DiBenedetto, 2022).
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In summary, all six hypotheses had moderate to strong effect sizes and p-values < 0.05, indicating statistical support. The findings
provide empirical support for the suggested SEM framework and imply that interventions that boost motivation and self-efficacy may
have a major positive impact on academic performance and student engagement. These results highlight the value of learner-centred
approaches in nutrition science instruction, particularly in African higher education environments where engagement and motivational

support systems are still developing.

5. Discussion

The purpose of this study was to determine the latent dimensions of educational engagement, investigate the functions of motivation
and self-efficacy, and investigate the ways in which these factors predict academic success among Mukuba University students studying
nutrition science. The results offer a solid empirical basis for comprehending how students interact with their academic environment,

drawing on multiple regression, structural equation modelling, and exploratory factor analysis (EFA) methodologies.

Four separate and trustworthy latent dimensions of educational engagement-Emotional Engagement, Cognitive/Behavioral Engagement,
Self-Regulated Learning, and Strategic Motivation-were identified by EFA in relation to the first goal. The suitability of factor analysis
was validated by a significant Bartlett's Test result (p < 0.001) and a Kaiser-Meyer-Olkin (KMO) measure of 0.735. The engagement
scale's construct validity was confirmed by the fact that all three factors together accounted for more than 68% of the variance in the
data, with all items loading above the 0.45 threshold and internal consistency (Cronbach's alpha > 0.70) for each factor. This three-part
framework is consistent with previous research that views engagement as a multifaceted concept that includes affective, behavioural,
and metacognitive components (Szabo et al., 2024; Lau et al., 2025). The discovery of these elements is consistent with earlier research
in educational psychology and nutrition that shows emotional and behavioural engagement serve as a springboard for more complex
cognitive processing and academic achievement (Estévez et al., 2021; Riddle and Gier, 2019).

SEM and mediation analyses were used to address the second goal, showing that motivation and self-efficacy have a significant impact
on student engagement, which in turn predicts academic performance. In particular, it was demonstrated that motivation had a direct
impact on engagement (f ~ 0.47, p < 0.001) and that self-efficacy positively influenced motivation (B = 0.53, p < 0.001). Furthermore,
motivation partially mediated the relationship between engagement and self-efficacy, and engagement partially mediated the relationship
between motivation and GPA, making engagement itself a significant predictor of academic achievement. Previous research showing
the reciprocal relationship between these psychological constructs (Affuso et al., 2025; Alhadabi and Karpinski, 2020; Wu et al., 2020)
strongly supports these findings. High levels of intrinsic motivation and self-efficacy encourage tenacious and self-directed learning
behaviours, confirming their significance in nutrition education, where goal orientation and independent study are crucial.

Regression analysis, which accounted for roughly 72.9% of the variance (R2 = 0.729), verified that each of the three engagement
dimensions is a significant and positive predictor of GPA for the third objective. While cognitive/behavioral engagement reflected
structured learning practices like discipline and attention, emotional engagement was linked to excitement and interest in learning
activities. The strongest predictor was self-regulated learning, which is characterized by metacognitive techniques like planning and
monitoring. These results highlight how crucial it is to develop engagement techniques in a variety of subject areas in order to enhance
academic performance. Additionally, they support the idea that motivation and self-belief impact engagement, which in turn influences
performance (Kalantzi et al., 2024; Kassab et al., 2023).

These findings have broad ramifications. Teachers and curriculum developers need to create instructional strategies that increase
students' ability to self-regulate while promoting emotional and cognitive engagement. All three engagement domains can be greatly
enhanced by active learning strategies like problem-based learning, collaborative group projects, and digital tools that offer real-time
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feedback (Maceiras et al., 2025; Bavishi et al., 2022; Dubinsky & Hamid, 2024). Additionally, to maintain engagement and enhance
academic achievement in nutrition science, interventions that increase self-efficacy and intrinsic motivation such as goal-setting

activities, feedback systems, and resilience training-are crucial (Stavropoulou et al., 2025; Abdolrezapour et al., 2023).

6. Conclusion

To sum up, this study offers empirical support for the idea that participation in nutrition education is a complex concept based on
behavioural, emotional, and metacognitive processes. Psychological factors like motivation and self-efficacy have a significant impact
on these engagement dimensions, which in turn affect academic achievement. In addition to supporting the theoretical framework, the

results point to practical methods for improving nutrition science program performance and student learning.

7. Recommendations

The study concludes by making the following recommendations.

1. Integrate Structured Emotional Engagement Strategies into Teaching Practices

Teachers should create learning spaces that pique students' interest, excitement, and sense of belonging in order to maximize the power
of emotional engagement. This could involve using storytelling techniques, real-world nutrition case studies, and emotionally charged
subjects that complement students' goals and cultural values. Deeper learning and increased affective investment can also result from

classroom community-building activities like student-led discussions, peer sharing, and reflective journals.

2. Strengthen Cognitive and Behavioral Engagement through Active Learning

Teachers should use active learning strategies like problem-based learning, cooperative group projects, and flipped classrooms because
structured academic behaviours have a strong predictive impact on GPA. Through involvement, teamwork, and self-discipline, these
approaches empower students to take charge of their education. Regular formative evaluations, feedback-rich environments, and

structured class participation can all help to strengthen the habits necessary for consistent academic effort.

3. Enhance Self-Regulated Learning through Metacognitive Skill Development

Training in metacognitive techniques must be incorporated into the curriculum since self-regulated learning has been shown to be the
best indicator of academic success. Goal-setting, time management, self-monitoring, and reflection strategies should all be taught to
students. Workshops on developing efficient study schedules, realistic goals, and progress evaluation techniques can foster lifelong

learning abilities that are critical in both professional nutrition practice and academia.

4. Implement Targeted Interventions to Boost Self-Efficacy and Motivation

Two essential preconditions for engagement are self-efficacy and intrinsic motivation. In order to promote self-belief and independent
goal pursuit, educational institutions ought to fund mentorship programs, resilience training, and individualized academic advising. To
help students develop confidence in their academic abilities, faculty should offer opportunities for mastery experiences, timely feedback,

and positive reinforcement.

5. Align Curriculum Design with a Multi-Dimensional Engagement Framework
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The four validated engagement dimensions-emotional, cognitive/behavioral, self-regulated and should be incorporated into course

outcomes and instructional guidelines by curriculum designers and education policymakers. In order to support student-centered
learning, this alignment can guarantee that learning technologies, teaching strategies, and assessments are all structured holistically.
Prioritizing digital tools that offer adaptive content and real-time feedback will help to support performance monitoring and personalized

engagement.
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