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This study examines the role of integrating Project-Based Learning 
(This study examines the role of integrating Project-Based Learning 
(PjBL) and Mobile Learning (ML) in enhancing Student Engagement 
(SE) in TVET. Using a quantitative method with an explanatory causal 
design, this research explores direct and indirect relationships among 
PjBL, ML, and SE using Structural Equation Modelling (SEM). Data 
were collected from 40 TVET students enrolled in the Electrical Motor 
Installation course at Universitas Negeri Padang. The findings reveal 
that PjBL significantly enhances SE through constructive, 
independent, collaborative, and contextual learning. Meanwhile, ML 
amplifies these benefits by providing flexibility, accessibility, and 
interactive platforms, effectively mediating the impact of PjBL on SE. 
Together, these approaches address the cognitive, behavioural, and 
emotional dimensions of engagement, creating a synergistic 
framework that aligns educational practices with the demands of a 
technology-driven workforce. The study underscores the importance 
of integrating PjBL and ML to foster autonomy, real-world relevance, 
and adaptability in TVET students. The practical implications of this 
study require educators to utilise these approaches to design dynamic 
learning experiences, institutions to invest in the necessary 
technological infrastructure and educator training, and policymakers 
to support such innovations through targeted policies and resources. 
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1. Introduction 
Student engagement (SE) is a critical determinant of success in TVET, as it emphasises practical, competence-
oriented learning essential for workforce readiness. However, maintaining high levels of engagement remains a 
persistent challenge in many TVET programmes. Disengaged students often struggle with diminished motivation, 
reduced interest in learning, and inadequate workforce skills, ultimately hindering their ability to meet the 
demands of an evolving labour market (Matalka et al., 2024). Studies have identified several contributing factors, 
such as teacher-centred instructional methods (Kim et al., 2025), insufficient practical facilities (Heikkinen et al., 
2025), and a misalignment between curriculum content and industry needs (Squalli Houssaini et al., 2024). These 
issues affect students’ competence and their ability to compete effectively in a rapidly evolving labour market. 
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Improving SE is a pathway to better learning outcomes and a strategic means to align TVET programmes with 
industry expectations. Engaged students actively participate in learning processes, fostering the acquisition of 
technical expertise, problem-solving abilities, and interpersonal skills. Research underscores that engagement 
enhances intrinsic motivation, cultivates a sense of responsibility for learning, and strengthens the connection 
between educational content and real-world applications (Dangeni, 2023; Niittylahti et al., 2023). This alignment 
creates a dynamic, interactive learning environment that equips students with technical and soft skills, fostering 
their preparedness for industry demands (Partsei et al., 2025). 

Given the growing interest in addressing engagement in TVET, various approaches have been explored to 
foster SE. Recent studies highlight the effectiveness of innovative teaching methodologies, such as interactive 
technology (Chen et al., 2025), collaborative learning (Jain et al., 2024), and student-centred strategies (Rahimi, 
2024). Among these, project-based learning (PjBL) has become a pragmatic approach for TVET. PjBL immerses 
students in real-life projects, enabling them to apply theoretical knowledge in practical contexts 
(Payoungkiattikun et al., 2025). This method nurtures critical skills, including problem-solving, teamwork, and 
adaptability—qualities essential for success in vocational careers. Furthermore, working on real-world problems 
fosters a stronger connection with the subject matter, increasing students’ motivation and interest in learning 
(Ahmad et al., 2023; Shekhar et al., 2024). 

Despite its advantages, implementing PjBL in online or blended learning environments presents unique 
challenges, particularly in TVET contexts that traditionally rely on hands-on training. The absence of physical 
interaction and practical sessions in purely online settings can reduce the effectiveness of PjBL in fostering 
engagement and collaboration. However, Mobile Learning (ML) offers a potential solution to these challenges. By 
leveraging mobile technologies, educators can create flexible, accessible, and interactive learning environments 
that facilitate collaborative and self-directed learning (Hameed et al., 2024; Muskhir et al., 2025). ML enables 
students to engage with course content, communicate with peers, and solve real-life problems, complementing 
the principles of PjBL (Fadli et al., 2024). 

Given these gaps in research and the growing urgency for innovative pedagogical strategies in TVET settings, 
this study was designed to investigate the integrated impact of Project-Based Learning and Mobile Learning on 
student engagement. Specifically, it aims to address the following research questions: (1) To what extent does 
Project-Based Learning directly impact student engagement in cognitive, behavioural, and emotional dimensions? 
(2) How does Mobile Learning contribute to student engagement in vocational education? Moreover, (3) Does 
Mobile Learning mediate the relationship between Project-Based Learning and student engagement? These 
questions are designed to inform the development of a conceptual and empirical model that reflects contemporary 
learning realities and offers actionable insights for educators, curriculum designers, and policymakers. Through 
this inquiry, the study aims to advance a more holistic and future-oriented understanding of how technology and 
pedagogy can be integrated to foster meaningful learning experiences in TVET. 

2. Literature Review 

2.1 Student Engagement in TVET 
Student engagement (SE) is a multidimensional construct that reflects how students actively participate in 
learning, invest cognitively and emotionally, and commit to mastering course content (Cui & Wang, 2024). In 
TVET, where practical competencies and problem-solving abilities are fundamental, fostering high levels of 
engagement is essential for producing workforce-ready graduates. Research consistently shows that greater 
engagement is associated with improved academic performance, positive attitudes toward learning, and the 
development of critical workplace skills (Hellín et al., 2023; Mvuyana & Ngcobo, 2024). 

SE in TVET can be examined through three interrelated dimensions: cognitive, emotional, and behavioural 
engagement (Niittylahti et al., 2023). Cognitive engagement involves students’ efforts to deeply understand course 
material and connect it to real-world applications, ensuring relevance to their professional goals. Emotional 
engagement highlights students’ intrinsic motivation, enjoyment, and interest in learning activities. On the other 
hand, behavioural engagement reflects active participation, such as regular attendance, timely completion of 
assignments, and collaboration in group projects. Together, these dimensions equip TVET students with the 
technical and soft skills to meet the labour market demands (Rafiq et al., 2022). 

Despite its importance, maintaining high levels of engagement in TVET remains a challenge. Traditional 
teacher-centred pedagogies often rely on rote learning, which fails to accommodate diverse student needs and 
leads to decreased motivation (Rahimi, 2024). Moreover, limited opportunities for practical, hands-on problem-
solving can leave students feeling disconnected from the curriculum, leading them to perceive it as misaligned 
with their career aspirations (Wulansari et al., 2023). This disengagement is problematic, as research links high 
levels of engagement to enhanced technical skills, improved problem-solving capabilities, and increased 
perseverance in addressing challenges (Dangeni, 2023). Engaged students are more likely to achieve job-
readiness, complete training programmes, and excel in industry-valued tasks (Matalka et al., 2024). Furthermore, 
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studies suggest that engagement is a key factor in improving retention rates, as motivated students are more likely 
to persist in their studies (Camilleri & Camilleri, 2023). 

TVET institutions have increasingly adopted innovative pedagogical approaches to address these challenges, 
such as PjBL. PjBL emphasises real-world applications, collaborative problem-solving, and experiential learning 
tasks, which foster meaningful engagement by connecting academic objectives to professional requirements 
(Zhang & Watson, 2025). This approach represents a significant shift from passive, lecture-based instruction to 
active, student-centred learning, which has proven effective in TVET. PjBL enhances students’ technical 
competencies and cultivates teamwork and adaptability—skills essential for thriving in fast-evolving industries. 

However, while PjBL has shown considerable promise, integrating it effectively into TVET remains complex, 
particularly in online or blended learning contexts. ML offers a potential solution to this challenge by providing 
flexible and interactive platforms that support both independent and collaborative learning. ML enables students 
to engage with content anytime, anywhere, fostering sustained motivation and active participation. Combining 
PjBL with ML could create a synergistic effect, offering TVET programs a pathway to overcome barriers to 
engagement while equipping students with the skills required in the modern workforce. Further exploration of 
PjBL and ML integration is crucial for advancing SE in TVET. By leveraging innovative teaching methods and 
technology, educators can create dynamic, relevant, and engaging learning environments that align with industry 
demands and prepare students for the complexities of contemporary vocational careers. 

2.2 Integration of Mobile Learning and Project-Based Learning in TVET 
Integrating ML with PjBL represents an innovative approach to addressing engagement challenges in TVET. As 
TVET focuses on skill-based training and workplace preparation, it requires methodologies that engage students 
and align closely with industry demands. ML offers flexible, accessible platforms that enable students to interact 
with learning resources, collaborate with peers, and apply knowledge in real-world contexts. This flexibility 
fosters autonomy and intrinsic motivation, critical for sustaining engagement in dynamic educational 
environments (Ong & Quek, 2023). Concurrently, PjBL immerses students in meaningful, real-world projects, 
bridging theoretical concepts with practical applications while promoting collaborative and active 
learning(Ahmad et al., 2023). ML and PjBL create a synergistic framework that enhances cognitive, emotional, and 
behavioural engagement, all essential for vocational success (Benlaghrissi & Ouahidi, 2024). 

PjBL is particularly effective in TVET because it emphasises constructive, independent, collaborative, and 
contextual learning (Cole, 2024). Constructive learning enables students to synthesise and apply information to 
solve real-life problems. In contrast, independent learning encourages them to take ownership of their educational 
journey, fostering accountability that mirrors professional expectations. Collaborative learning builds teamwork 
skills, aligns with industry practices, and prepares students for workplace dynamics. Lastly, contextual learning 
connects academic content with hands-on, industry-relevant scenarios, allowing students to recognise the 
applicability and value of their skills. These dimensions collectively make PjBL a powerful strategy for creating 
meaningful engagement and equipping students with the competencies needed for success in the labour market. 

ML complements PjBL by providing a technology-driven platform that supports flexible and innovative 
learning processes. Indicators of effective ML implementation include familiarity, ease of use, and interface design 
(Hameed et al., 2024). Familiarity ensures students can seamlessly adopt mobile technologies, while ease of use 
and robust communication tools facilitate collaboration across diverse contexts. Additionally, well-designed 
interfaces enhance user experience, enabling students to access resources, complete tasks, and manage projects 
efficiently. For instance, mobile applications would allow students to document findings in real-world scenarios, 
participate in group assignments, and receive immediate feedback from instructors. These features make the 
learning process more engaging and interactive, reinforcing the principles of PjBL (Alarfaj et al., 2024). 

Integrating ML and PjBL also addresses key psychological needs identified in Self-Determination Theory—
autonomy, competence, and relatedness (Fadli et al., 2024). ML supports autonomy by enabling self-paced 
learning, allowing students to access resources and complete tasks at their own pace. Meanwhile, PjBL fosters 
competence through hands-on, constructive activities and strengthens relatedness by emphasising group 
collaboration and teamwork. Empirical evidence supports this integration, demonstrating significant 
improvements in vocational students’ problem-solving abilities, collaboration, and perseverance when PjBL is 
combined with ML (Benlaghrissi & Ouahidi, 2024). Furthermore, ML enhances the accessibility and 
personalisation of PjBL, allowing students to tailor their learning experiences to align with career aspirations 
(Nikolopoulou, 2023). These findings highlight how integrating PjBL and ML aligns with TVET’s objectives of 
equipping students with practical skills and industry readiness. 

The ML application used in this study exemplifies this integration by providing an interactive, dynamic 
platform that enhances student engagement. It integrates theoretical knowledge with practical applications, 
fostering a comprehensive and immersive learning environment. As illustrated in Figure 1, the application 
features a user-friendly design, intuitive navigation, and tools specifically tailored to facilitate PjBL. These 
functionalities enable students to collaborate effectively, access educational resources on demand, and receive 
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timely feedback. By addressing cognitive, social, and behavioural dimensions of engagement, the application 
aligns with the study’s goal of advancing meaningful and practical learning experiences in TVET. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                           (b)                                                          (c) 
Fig. 1 (a) Main page; (b) Project dashboard; (c) Discussion room 

 

3. Methodology 
This study aims to analyse the impact of PjBL and ML on SE in TVET. A quantitative research approach was 
employed, utilising an explanatory causal design to investigate the cause-and-effect relationships among the 
variables. Specifically, this study investigates how PjBL and ML enhance SE across its cognitive, social, and 
behavioural dimensions in TVET. The study utilised Structural Equation Modelling (SEM) as the primary analytical 
technique to examine these relationships. SEM was chosen for its ability to analyse complex relationships among 
latent variables, which are constructs that cannot be directly observed. These latent variables—PjBL, ML, and 
SE—were operationalised using theoretically grounded indicators from the literature. SEM allows simultaneous 
analysis of these relationships, providing robust and comprehensive insights into the interplay between PjBL, ML, 
and SE.  

3.1 Participants 
This study involved 40 TVET students enrolled in the Electrical Motor Installation course at Universitas Negeri 
Padang. Participants were selected using a purposive sampling technique, considering their direct involvement in 
instructional sessions that combined Project-Based Learning (PjBL) and Mobile Learning (ML) strategies. The 
selection criteria were based on the relevance of the course content to the research intervention and on the 
participants’ prior exposure to both learning approaches. Although the number of participants may be considered 
relatively small in the context of quantitative research, it aligns with the methodological requirements of Partial 
Least Squares Structural Equation Modelling (PLS-SEM), the primary analytical method employed. According to 
Hair et al. (2020), PLS-SEM is particularly suited for exploratory studies and can produce valid and reliable results, 
even with small sample sizes, especially when the structural model is moderately complex and the indicators are 
well-constructed. A minimum of 30 to 50 participants is generally acceptable for models involving a limited 
number of latent variables and indicators. Unlike covariance-based SEM, PLS-SEM does not assume normality of 
the data. It effectively accommodates small sample sizes by utilising bias-corrected and accelerated (BCa) 
bootstrapping procedures, thereby ensuring reliable path coefficient estimation and statistical inference (Hair et 
al., 2019). In addition, the use of SmartPLS software further justifies this approach, as it accommodates smaller 
samples and non-normal data distributions, which are common in educational settings. The focused and 
intervention-specific nature of this study, which targeted a clearly defined group of vocational students, supports 
the appropriateness of the chosen sample. Therefore, the sample size of 40 is both methodologically sound and 
contextually justified for the aims of this study. 
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3.2 Variables and Indicators 
The study assessed three primary constructs through well-defined dimensions and indicators, as shown in Table 
1. 

Table 1 Variables and indicators framework 
Variables Indicators/Dimensions Explanation Theoretical 

Framework 
PjBL (X1) Constructive Learning 

(X1.1) 
Students actively construct knowledge by 
synthesising information and applying it to 
real-world problems. 

(Cole, 2024; Turk & 
Berman, 2024) 

 Independent Learning 
(X1.2) 

Encourages students to take responsibility 
for their learning progress, fostering 
autonomy and accountability. 

 Collaborative Learning 
(X1.3) 

Promotes teamwork, reflecting workplace 
dynamics, and prepares students for 
industry practices. 

 Contextual Learning 
(X1.4) 

Connects academic content to industry-
relevant, hands-on scenarios, enhancing 
the real-world applicability of skills. 

ML (X2) Familiarity (X2.1) Students’ ability to quickly adapt and use 
mobile technologies for educational 
purposes. 

(Hameed et al., 2024; 
Salhab & Daher, 2023) 

 Ease of Use (X2.2) Refers to the intuitive nature of mobile 
platforms, which enable seamless 
communication and learning. 

 

 Interface/Design (X2.3) User-friendly design and navigation 
enhance the user experience, making 
learning more efficient and engaging. 

 

SE (Y) Cognitive Engagement 
(Y1) 

Reflects the depth of students’ 
understanding, critical thinking, and the 
relevance of content to real-life 
applications. 

(Heikkinen et al., 
2025; Niittylahti et al., 
2023) 

 Social Engagement (Y2) Represents students’ collaboration and 
interactions with peers and instructors in 
learning activities. 

 

 Behavioural Engagement 
(Y3) 

Involves active participation, such as 
attending classes, completing assignments, 
and engaging in group projects. 

 

 
These indicators were carefully chosen to form a robust framework that captures how PjBL and ML enhance 

SE by integrating practical, collaborative, and technology-mediated learning approaches. Figure 2 illustrates the 
conceptual framework guiding this research. 
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Fig. 2 The conceptual framework 

3.3 Instruments Validity and Reliability 
Data were gathered through a structured questionnaire to assess students’ experiences with PjBL delivered via 
ML. The questionnaire consisted of closed-ended statements reflecting the identified indicators for each construct. 
Respondents were asked to rate their agreement on a 5-point Likert scale, ranging from 1 (Strongly Disagree) to 
5 (Strongly Agree). The questionnaire’s validity and reliability were evaluated using SPSS 27.0 for Windows. 
Validity was assessed using the t-value; the instrument was considered valid if the calculated t-value was equal to 
or greater than the critical t-value (t-statistic ≥ t-table). Similarly, reliability was evaluated to confirm the 
consistency of the measurement scale across different items. The following are the results of the validity and 
reliability testing of the instruments. 

Table 2 Result validity test of PjBL instrument  
No.Item r statistic r table Result 

1 0.492 0.312 Valid 
2 0.490 0.312 Valid 
3 0.527 0.312 Valid 
4 0.518 0.312 Valid 
5 0.541 0.312 Valid 
6 0.522 0.312 Valid 
7 0.512 0.312 Valid 
8 0.488 0.312 Valid 
9 0.507 0.312 Valid 

10 0.504 0.312 Valid 
11 0.591 0.312 Valid 
12 0.550 0.312 Valid 
13 0.534 0.312 Valid 
14 0.526 0.312 Valid 
15 0.552 0.312 Valid 
16 0.521 0.312 Valid 
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The validity test results for the PjBL instrument items are presented in Table 2. The analysis indicates that all 

items fall into the “valid” category and are suitable for use in the research instrument. Similarly, the validity test 
results for the ML instrument items are presented in Table 3, indicating that all items are valid and suitable for 
inclusion in the study. 

Table 3 Result validity test of ML instrument  
No.Item r statistic r table Result 

1 0.714 0.312 Valid 
2 0.570 0.312 Valid 
3 0.623 0.312 Valid 
4 0.562 0.312 Valid 
5 0.495 0.312 Valid 
6 0.539 0.312 Valid 
7 0.472 0.312 Valid 
8 0.730 0.312 Valid 
9 0.693 0.312 Valid 

10 0.517 0.312 Valid 
11 0.555 0.312 Valid 
12 0.537 0.312 Valid 

 
Additionally, the results of the validity test for the SE instrument items are detailed in Table 4, confirming that 

all items meet the validity criteria and are valid for use in this research. 

Table 4 Result validity test of SE instrument  
No.Item r statistic r table Result 

1 0.545 0.312 Valid 
2 0.620 0.312 Valid 
3 0.734 0.312 Valid 
4 0.606 0.312 Valid 
5 0.531 0.312 Valid 
6 0.528 0.312 Valid 
7 0.602 0.312 Valid 
8 0.535 0.312 Valid 
9 0.627 0.312 Valid 

10 0.606 0.312 Valid 
11 0.607 0.312 Valid 
12 0.530 0.312 Valid 

 
Following the validity testing, a reliability test was conducted to assess the questionnaire’s consistency. The 

Cronbach’s Alpha coefficient was employed to evaluate the reliability of the instruments. As shown in Table 5, all 
items for each variable used in this study are reliable and demonstrate high internal consistency. 

Table 5 Summary of reliability test of instrument  
No Variables Cronbach’s Alpha Result 

1 Project-Based Learning (PjBL) 0.823 Reliable 
2 Mobile Learning (ML) 0.817 Reliable 
3 Student Engagement (SE) 0.825 Reliable 
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3.4 Data Analysis 
SEM was employed as the primary analytical method to assess the relationships among the constructs in this 
study: PjBL, ML, and SE. SEM was selected for its strength in evaluating complex relationships among latent 
variables, each measured by multiple indicators. Unlike traditional regression analysis, SEM allows for the 
simultaneous testing of both measurement models (which assess the reliability and validity of the observed 
indicators for each latent construct) and structural models (which test the hypothesised causal relationships 
among constructs). 

This study employed SEM to investigate both the direct and indirect effects of PjBL and ML on SE, as well as 
the mediating role of ML between PjBL and SE. This dual focus makes SEM an appropriate tool, as it enables 
comprehensive modelling of observed and latent constructs while accounting for measurement error. The 
analysis proceeded in two stages: (1) outer model analysis, which validated the constructs by testing convergent 
validity, discriminant validity, and internal consistency reliability; and (2) inner model analysis, which tested the 
structural relationships among the constructs and evaluated the model’s explanatory power. 

While a sample size of 44 may appear modest, it meets the criteria for PLS-SEM, which is widely recognised 
for its robustness in exploratory research, particularly when working with small to medium samples (Hair et al., 
2020). Unlike covariance-based SEM, PLS-SEM does not assume normality of the data. It effectively accommodates 
small sample sizes by utilising bias-corrected accelerated (BCa) bootstrapping, thereby ensuring reliable path 
coefficient estimation and statistical inference. Moreover, the diversity in gender and academic backgrounds 
strengthened the validity and representativeness of the findings. Model fit was assessed using standard indices 
such as SRMR, NFI, RMS Theta, and the Chi-square statistic, and the strength of path coefficients was interpreted 
using bootstrapping procedures. Through this analytical process, the study provides a statistically grounded 
explanation of how PjBL and ML interact to foster cognitive, emotional, and behavioural engagement in TVET 
learning environments. 

4. Results 

4.1 Research Model Analysis 
This section presents the empirical findings derived from the structural model analysis among PjBL, ML, and SE. 
The study reveals the direct and indirect effects of PjBL on SE, as well as the mediating role of ML in these 
relationships. Additionally, it highlights the simultaneous influence of PjBL and ML on student engagement in 
TVET, showcasing their combined potential to enhance engagement. The SEM framework used for analysis is 
depicted in Figure 3. 
 

 
Fig. 3 Model of initial approach 

 
The initial SEM model was evaluated to ensure compliance with its underlying assumptions and prerequisites. 

Two primary diagnostic tests—outer model analysis (for indicators) and inner model analysis (for latent 
variables)—were conducted to check for multicollinearity. As shown in Table 6, all outer VIF (Variance Inflation 
Factor) values fall below the conventional threshold of 5 (VIF < 5), indicating that the indicators do not exhibit 
problematic multicollinearity. This supports the stability and reliability of the individual items in representing 
their respective constructs. 
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Table 6 Outer VIF values analysis 
No Indicators VIF 

1 PjBL 1 1.795 
2 PjBL 2 2.771 
3 PjBL 3 2.378 
4 PjBL 4 2.493 
5 ML 1 1.627 
6 ML 2 1.496 
7 ML 3 1.620 
8 SE 1 1.971 
9 SE 2 2.760 

10 SE 3 2.194 
 
Further assessment was conducted at the latent variable level to verify the absence of multicollinearity in the 
inner model. Table 7 presents the inner VIF values for each latent construct, with all values remaining below 5, 
confirming that high intercorrelations do not distort the structural relationships among the variables. These 
results establish a strong foundation for continuing with the path analysis. 

Table 7 Inner VIF values analysis 
 PjBL ML SE 

PjBL - 1.000 2.477 
ML - - 2.171 

 
The model’s overall goodness-of-fit (GoF) was assessed using criteria such as SRMR, NFI, RMS Theta, and Chi-

square, as summarised in Table 8. The results validate the model’s robustness, with all coefficients meeting or 
exceeding their respective thresholds, including an SRMR value of 0.062 (≤ 0.08) and an NFI value of 0.992 (≥ 0.9). 

Table 8 GoF analysis results 
GoF Coefficient Criteria Result 

SRMR 0.062 ≤ 0.08 Fit 
NFI 0.992 ≥ 0.9 Fit 

RMS Theta 0.073 ≤ 0.1 Fit 
Chi-Square 53.33 Small Fit 

 
Figure 6 visualises the full results of the structural model analysis, including path coefficients and significance 
levels. This serves as the basis for interpreting the effects among the constructs in the following sections. 
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Fig. 4 Results of SEM analysis for the final approach 

4.2 Indicator Analysis 
The outer model analysis evaluated indicators and reliability using tests of convergent validity, construct 
reliability, discriminant validity, cross-loadings, and unidimensionality. Internal consistency reliability was 
assessed using Cronbach’s Alpha, with all variables exceeding the recommended threshold (> 0.7). Composite 
reliability values surpassed 0.7, and AVE values exceeded 0.5, confirming unidimensionality and convergent 
validity. These results, summarised in Table 9, verify that the measurement instruments are valid and reliable. 

Table 9 Outer model analysis results 

Variable Cronbach’s 
Alpha Rho_A AVE Unidimensionality Convergent 

Validity 

PjBL 0.770 0.774 0.684 Reliable Valid 
ML 0.879 0.885 0.736 Reliable Valid 
SE 0.858 0.858 0.780 Reliable Valid 

4.3 Structural Model Analysis 
The structural model analysis reveals key findings regarding the direct and indirect effects among the variables, 
as shown in Table 10. 

Table 10 Structural model analysis results 

Test 
Coefficients 

t-value Results 
Direct Indirect Total 

PjBL  SE 0.381 - 0.381 2.104 Significant 
PjBL  ML 0.772 - 0.772 5.890 Significant 

ML  SE 0.454 - 0.454 2.241 Significant 
PjBL  ML  SE - 0.351 0.351 2.047 Significant 

 
The findings indicate that PjBL significantly influences SE, both directly (38.1%) and indirectly through ML 

(35.1%), highlighting its pivotal role in fostering engagement through active, contextual learning. Additionally, ML 
has a significant impact on SE, accounting for 45.4% of the effect, underscoring its importance as a flexible, 
interactive learning platform. The mediation analysis confirms that ML amplifies the impact of PjBL on SE, creating 
a synergistic relationship between innovative pedagogy and technology. These results underscore the potential 
of integrating PjBL and ML to enhance student engagement in TVET, providing valuable insights for educators, 
curriculum developers, and policymakers. 
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5. Discussion 
This study offers significant insights into the transformative potential of integrating Project-Based Learning 
(PjBL) and Mobile Learning (ML) to enhance Student Engagement (SE) in TVET. By employing a Structural 
Equation Modelling (SEM) approach, the findings reveal the direct and indirect effects of PjBL on SE, as well as the 
mediating role of ML in this relationship. The direct impact of PjBL on SE, indicated by a coefficient value of 0.381, 
underscores its efficacy in fostering cognitive, behavioural, and emotional engagement. These findings are 
consistent with prior research that identifies PjBL as a powerful pedagogical approach for engaging students 
through authentic, collaborative problem-solving tasks. For instance, Alarfaj et al. (2024) emphasise that PjBL 
allows students to take ownership of their learning, thereby promoting intrinsic motivation—a critical factor in 
enhancing engagement. In TVET, which prioritises practical application and real-world relevance, PjBL is an 
effective bridge between theory and practice, providing students with opportunities to develop critical thinking 
and problem-solving skills in a hands-on environment (Hao et al., 2024). Moreover, aligning these findings with 
the Self-Determination Theory reinforces the role of PjBL in meeting the psychological needs of autonomy, 
competence, and relatedness (Chiu, 2024) . By actively enabling students to participate in their learning process, 
PjBL fosters independence and competence, while collaborative project work enhances relatedness. These 
psychological factors collectively contribute to sustained student engagement, making PjBL a valuable strategy in 
educational settings (Ahmad et al., 2023). 

The study also highlights the crucial role of ML as a mediator in the relationship between PjBL and SE. With 
PjBL directly affecting ML (0.772) and ML’s subsequent impact on SE (0.454), the data suggest that ML amplifies 
the benefits of PjBL by providing flexible, interactive, and accessible learning environments. This finding aligns 
with existing literature, such as Batubara et al. (2023), which highlights the potential of ML to support 
personalised and anytime-anywhere learning. In the context of TVET, ML extends the reach of PjBL by enabling 
students to document practical tasks, access digital resources, and collaborate with peers on real-world projects. 
These activities enhance cognitive engagement and promote behavioural and social interactions, as emphasised 
by mobile learning frameworks (Moya & Camacho, 2024). For example, mobile applications can facilitate real-
time feedback, allowing students to refine their understanding and skills in a dynamic learning environment. This 
synergy between PjBL and ML is particularly significant in TVET, where students benefit from hands-on and 
contextual learning experiences enhanced by technological tools (Karatay et al., 2024). 

The indirect effect of PjBL on SE via ML, with a coefficient of 0.351, underscores the complementary nature of 
these approaches. This synergy is crucial for addressing the multidimensional nature of student engagement, 
encompassing cognitive, behavioural, and emotional dimensions. By integrating PjBL and ML, educators can 
create a holistic learning environment that leverages the strengths of both pedagogical innovation and 
technological integration. For instance, using ML in PjBL projects can enhance collaboration by providing 
resource-sharing and communication platforms. This integration also supports the development of 21st-century 
skills, such as digital literacy and teamwork, which are essential for success in today’s technology-driven world 
(Camilleri & Camilleri, 2023). Furthermore, the flexibility offered by ML enables students to engage with learning 
materials at their own pace, thereby accommodating diverse learning needs and preferences. These findings 
highlight the potential of combining PjBL and ML to design impactful and meaningful educational experiences that 
prepare students for the complexities of the modern workforce (Anuyahong & Pucharoen, 2023). 

The reliability of the indicators used in this study further strengthens the validity of the findings. The high 
reliability of PjBL indicators (ranging from 0.788 to 0.896) confirms its consistency in fostering engagement. 
Similarly, the reliability of ML indicators (0.815-0.846) demonstrates the effectiveness of mobile technologies in 
supporting learning processes. Lastly, the strong reliability of SE indicators (0.862-0.910) highlights the 
comprehensive approach to measuring engagement’s cognitive, behavioural, and emotional aspects. These results 
are consistent with prior studies emphasising the multidimensional nature of student engagement (Sureda-García 
et al., 2021). Additionally, the alignment with Self-Determination Theory reinforces the theoretical foundation of 
this study, demonstrating how the integration of PjBL and ML addresses key psychological needs that drive 
engagement (Oanh & Dang, 2025). By combining these approaches, educators can create a learning environment 
that meets academic objectives and supports students’ holistic development. 

The implications of this study are particularly significant for TVET, where preparing students with practical 
skills and competencies is a primary goal. Educators are encouraged to adopt PjBL and ML strategies to create 
interactive and relevant learning experiences that align with the demands of the modern workforce. For example, 
integrating ML tools into PjBL projects can enhance students’ ability to apply theoretical knowledge in real-world 
contexts, improving their readiness for professional challenges (Badir et al., 2023). Institutions must also invest 
in technological infrastructure and provide professional development opportunities for educators to implement 
these strategies effectively. Training programmes should focus on equipping teachers with the skills needed to 
design and facilitate PjBL projects that leverage ML tools. Additionally, policymakers should recognise the value 
of these integrated approaches and support their adoption through funding and policy initiatives. By prioritising 
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the integration of PjBL and ML, TVET can address the evolving needs of students and employers in a rapidly 
changing technological landscape (Gomes et al., 2025). 

In addition to its practical implications, this study enriches the theoretical understanding of how PjBL and ML 
interplay to influence SE. The findings contribute to the growing literature on educational technology and 
pedagogy by demonstrating the synergistic effects of combining these approaches. By addressing the cognitive, 
behavioural, and social dimensions of engagement, this study provides a comprehensive framework for 
understanding how pedagogical and technological innovations can be integrated to enhance learning outcomes. 
Moreover, aligning with the Self-Determination Theory underscores the importance of meeting students’ 
psychological needs to foster engagement (Gagnon et al., 2024). By enabling autonomy, competence, and 
relatedness, the integration of PjBL and ML creates a supportive learning environment that promotes intrinsic 
motivation and sustained engagement. This theoretical contribution highlights the potential of combining 
pedagogical and technological approaches to design impactful educational experiences that address the 
complexities of a technology-driven world (Rahimi, 2024). 

The findings of this study are particularly relevant in the context of global trends and post-pandemic 
education. The COVID-19 pandemic has accelerated the adoption of digital technologies in education, highlighting 
the need for flexible and interactive learning solutions (Ng & Lo, 2023). The integration of PjBL and ML aligns with 
these trends, providing a robust framework for addressing the challenges and opportunities of post-pandemic 
education. For instance, the flexibility offered by ML can support remote and hybrid learning models, ensuring 
that students can continue to engage with their education regardless of location. Similarly, PjBL’s emphasis on 
real-world problem-solving aligns with the demands of a rapidly changing workforce, where adaptability and 
critical thinking are essential skills (Hao et al., 2024). By integrating these approaches, educators can create 
resilient, future-ready learning environments that prepare students for success in a dynamic, uncertain world.  

This study demonstrates the transformative potential of integrating PjBL and ML to enhance SE in TVET. By 
leveraging the strengths of both approaches, educators can create holistic learning environments that address the 
cognitive, behavioural, and emotional dimensions of engagement. The findings underscore the importance of 
aligning pedagogical innovation with technological advancements to design meaningful and relevant educational 
experiences. As TVET continues to evolve in response to global trends and technological advancements, 
integrating PjBL and ML offers a promising pathway to foster engagement and prepare students for the 
complexities of the modern workforce. 

6. Conclusion 
This study highlights the transformative potential of integrating Project-Based Learning (PjBL) with Mobile 
Learning (ML) to enhance Student Engagement (SE) in TVET. PjBL fosters constructive, independent, 
collaborative, and contextual learning, while ML provides the flexibility and interactivity needed to amplify these 
benefits. They create a framework that addresses cognitive, behavioural, and social engagement dimensions. 
Structural Equation Modelling (SEM) results confirm the direct impact of PjBL and ML on SE and the mediating 
role of ML in strengthening this relationship, underscoring their combined effectiveness in meeting the demands 
of modern vocational education. By aligning educational practices with industry needs, the integration of PjBL and 
ML prepares students with the competencies and adaptability required in today’s workforce. This synergy 
provides a robust solution to educational challenges, making learning more interactive and relevant. Educators, 
institutions, and policymakers must collaborate to maximise the benefits of this integration. Educators should 
leverage these methods to design dynamic learning experiences while institutions invest in infrastructure and 
training. Policymakers should support this integration with resources and policies that encourage innovation. 
Together, these efforts can position TVET as a leader in equipping students for lifelong learning and success in a 
technology-driven global landscape. 

Acknowledgement 
This study was self-funded and received no external grants or financial support from public, private, or non-profit 
organisations. The researchers would like to express their gratitude to all individuals who contributed to the 
successful completion of this research project. 

Conflict of Interest 
The authors declare that there is no conflict of interest regarding the publication of the paper. 

Author Contribution 
The authors confirm contribution to the paper as follows: study conception and design: J.S.; data collection: J.S., 
D., O.C.; analysis and interpretation: J.S., D.F.Y., H.; draft manuscript preparation: J.S., D., O.C.; writing—review 
and editing: J.S., D.F.Y., H.; supervision: J.S., D. All authors reviewed and approved the final version of the manuscript. 



67 J. of Technical Education and Training Vol. 17 No. 4 (2025) p. 55-69 

 

 

References 
Ahmad, S. T., Watrianthos, R., Samala, A. D., Muskhir, M., & Dogara, G. (2023). Project-based Learning in 

Vocational Education: A Bibliometric Approach. International Journal of Modern Education and 
Computer Science, 15(4), 43–56. https://doi.org/10.5815/ijmecs.2023.04.04 

Alarfaj, M., S.Raja Mohamed, Slim Chtourou, Hesham Enshasy, Aly Aboulnaga, & Hassan, M. (2024). Experience of 
Project-Based Learning: Challenges, Assessment, and Analysis. International Journal of Engineering 
Pedagogy (IJEP), 14(3), 123–139. https://doi.org/10.3991/ijep.v14i3.43849 

Anuyahong, B., & Pucharoen, N. (2023). Exploring the Effectiveness of Mobile Learning Technologies in 
Enhancing Student Engagement and Learning Outcomes. International Journal of Emerging 
Technologies in Learning, 18(18), 50–63. https://doi.org/10.3991/ijet.v18i18.40445 

Badir, A., O’Neill, R., Kinzli, K. D., Komisar, S., & Kim, J. Y. (2023). Fostering Project-Based Learning through 
Industry Engagement in Capstone Design Projects. Education Sciences, 13(4). 
https://doi.org/10.3390/educsci13040361 

Batubara, H. H., Noor, H., Siregar, P., Ihwanah, A., Husni, M., Wibowo, D. R., Maghfurin, A., & Ariani, D. N. (2023). 
Developing a Mobile-Assisted Project-Based Learning Model for a Learning Media Course. International 
Journal of Interactive Mobile Technologies (IJIM), 17(17), 4–18. 
https://doi.org/10.3991/ijim.v17i17.41705 

Benlaghrissi, H., & Ouahidi, L. M. (2024). The impact of mobile-assisted project-based learning on developing 
EFL students’ speaking skills. Smart Learning Environments, 11(1), 18. 
https://doi.org/10.1186/s40561-024-00303-y 

Camilleri, M. A., & Camilleri, A. C. (2023). Learning from anywhere, anytime: Utilitarian motivations and 
facilitating conditions for mobile learning. Technology, Knowledge and Learning, 28(4), 1687–1705. 
https://doi.org/10.1007/s10758-022-09608-8 

Chen, F. Z., Chen, L. A., Tseng, C. C., Pai, C. H., Tsai, K. E., Liang, E. C., Chen, Y. F., Chen, T. L., Liu, S. Y., Lee, P. C., Lai, 
K. C., Liu, B. R., Fouad, K. E., & Chen, C. W. (2025). Enhancing student engagement and learning outcomes 
in life sciences: implementing interactive learning environments and flipped classroom models. 
Discover Education, 4(1), 102. https://doi.org/10.1007/s44217-025-00501-x 

Chiu, T. K. F. (2024). A classification tool to foster self-regulated learning with generative artificial intelligence by 
applying self-determination theory: a case of ChatGPT. Educational Technology Research and 
Development, 72(4), 2401–2416. https://doi.org/10.1007/s11423-024-10366-w 

Cole, F. (2024). An Educator’s Guide to Project-Based Learning: Turning Theory into Practice. In An Educator’s 
Guide to Project-Based Learning: Turning Theory into Practice. David Fulton Publishers. 
https://doi.org/10.4324/9781003424345 

Cui, T., & Wang, J. (2024). Empowering active learning: A social annotation tool for improving student 
engagement. British Journal of Educational Technology, 55(2), 712–730. 
https://doi.org/10.1111/bjet.13403 

Dangeni. (2023). Student Engagement: A Critical Conceptualisation of the Complexity of the International 
Students’ Experiences. Journal of Interactional Students, 13(4), 227–233. 

Fadli, R., Surjono, H. D., Sari, R. C., Wagiran, Sardi, J., Eliza, F., Habibullah, Suhardiman, S., Ridho Dedy, A. B., 
Ramadhani, W., Hakiki, M., & Hidayah, Y. (2024). Practicality of Mobile-Based Learning with Project-
Based Learning Approach in Electric Motor Installation to Increase Student Learning Motivation. 
International Journal of Information and Education Technology, 14(8), 1127–1135. 
https://doi.org/10.18178/ijiet.2024.14.8.2141 

Gagnon, J. C., Gurel, S., Barber, B. R., Houchins, D. E., Lane, H. B., McCray, E. D., & Lambert, R. G. (2024). Teacher 
Instructional Approaches and Student Engagement and Behavioral Responses During Literacy 
Instruction in a Juvenile Correctional Facility. Journal of Emotional and Behavioral Disorders. 
https://doi.org/10.1177/10634266241231976 

Gomes, D., Lopes, L., & Alves, J. L. (2025). Bridging the Gap: Project-Based Learning in Industrial Design 
Education. International Journal of Design Education, 19(1), 109–140. https://doi.org/10.18848/2325-
128X/CGP/v19i01/109-140 

Hair, J. F., Howard, M. C., & Nitzl, C. (2020). Assessing measurement model quality in PLS-SEM using 
confirmatory composite analysis. Journal of Business Research, 109, 101–110. 
https://doi.org/10.1016/j.jbusres.2019.11.069 



J. of Technical Education and Training Vol. 17 No. 4 (2025) p. 55-69 68 

 

 

Hair, J. F., Risher, J. J., Sarstedt, M., & Ringle, C. M. (2019). When to use and how to report the results of PLS-SEM. 
In European Business Review (Vol. 31, Issue 1, pp. 2–24). https://doi.org/10.1108/EBR-11-2018-0203 

Hameed, F., Qayyum, A., & Khan, F. A. (2024). A new trend of learning and teaching: Behavioral intention 
towards mobile learning. Journal of Computers in Education, 11(1), 149–180. 
https://doi.org/10.1007/s40692-022-00252-w 

Hao, L., Tian, K., Salleh, U. K. M., Leng, C. H., Ge, S., & Cheng, X. (2024). The Effect of Project-Based Learning and 
Project-Based Flipped Classroom on Critical Thinking and Creativity for Business English Course at 
Higher Vocational Colleges. Malaysian Journal of Learning and Instruction, 21(1), 159–189. 
https://doi.org/10.32890/mjli2024.21.1.6 

Heikkinen, S., Saqr, M., Malmberg, J., & Tedre, M. (2025). A longitudinal study of interplay between student 
engagement and self-regulation. International Journal of Educational Technology in Higher Education, 
22(1), 21. https://doi.org/10.1186/s41239-025-00523-3 

Hellín, C. J., Calles-Esteban, F., Valledor, A., Gómez, J., Otón-Tortosa, S., & Tayebi, A. (2023). Enhancing Student 
Motivation and Engagement through a Gamified Learning Environment. Sustainability (Switzerland), 
15(19). https://doi.org/10.3390/su151914119 

Jain, R., Abhyankar, M., Kantipudi, M. V. V. P., Aluvalu, R., & Raisinghani, M. S. (2024). Measurement of Student 
Engagement in a Generic and Online Learning Management System-Based Environment. International 
Journal of Online Pedagogy and Course Design, 14(1). https://doi.org/10.4018/IJOPCD.335951 

Karatay, S. K., Bakirci, H., & Bülbül, S. (2024). Mobile learning supported science teaching application: Electric 
charges and electric energy. Education and Information Technologies. https://doi.org/10.1007/s10639-
024-12631-0 

Kim, J. H. Y., Moldavan, A. M., Terry, R., & Massey, C. C. (2025). Enhancing student engagement with generative AI. 
In Transformative AI Practices for Personalized Learning Strategies (pp. 69–106). 
https://doi.org/10.4018/979-8-3693-8744-3.ch004 

Matalka, M. Al, Ayasrah, F. T. M., Jarrah, H. Y., Jawarneh, M., Alkhawaldeh, B. Y., Darawsheh, S. R., & Fadlallah, H. R. 
(2024). The importance of effective learning technology utilization, teacher leadership, student 
engagement, and curriculum in the online learning environment. International Journal of Data and 
Network Science, 8(3), 1727–1740. https://doi.org/10.5267/j.ijdns.2024.2.015 

Moya, S., & Camacho, M. (2024). Leveraging AI-powered mobile learning: A pedagogically informed framework. 
Computers and Education: Artificial Intelligence, 7, 100276. 
https://doi.org/10.1016/j.caeai.2024.100276 

Muskhir, M., Luthfi, A., Effendi, H., Jalinus, N., Samala, A. D., & Slavov, V. (2025). Can Mobile-Based Augmented 
Reality Improve Learning in Electrical Circuit Education? International Journal of Information and 
Education Technology, 15(3), 595–604. https://doi.org/10.18178/ijiet.2025.15.3.2268 

Mvuyana, B. Y. C., & Ngcobo, J. N. (2024). How Student Engagement Can Be Improved Using Online Learning in 
Higher Education. In Online Teaching and Learning in Higher Education: Issues and Challenges in an 
African Context (pp. 31–44). Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-56953-
1_3 

Ng, L. K., & Lo, C. K. (2023). Enhancing Online Instructional Approaches for Sustainable Business Education in 
the Current and Post-Pandemic Era: An Action Research Study of Student Engagement. Education 
Sciences, 13(1). https://doi.org/10.3390/educsci13010042 

Niittylahti, S., Annala, J., & Mäkinen, M. (2023). Student engagement profiles in vocational education and 
training: a longitudinal study. Journal of Vocational Education and Training, 75(2), 372–390. 
https://doi.org/10.1080/13636820.2021.1879902 

Nikolopoulou, K. (2023). Self-Regulated and Mobile-Mediated Learning in Blended Tertiary Education 
Environments: Student Insights from a Pilot Study. Sustainability (Switzerland), 15(16). 
https://doi.org/10.3390/su151612284 

Oanh, D. T. K., & Dang, T. D. H. (2025). Effect of STEAM Project-Based Learning on Engineering Students’ 21st 
Century Skills. European Journal of Educational Research, 14(3), 705–721. 
https://doi.org/10.12973/eu-jer.14.3.705 

Ong, S. G. T., & Quek, G. C. L. (2023). Enhancing teacher–student interactions and student online engagement in 
an online learning environment. Learning Environments Research, 26(3), 681–707. 
https://doi.org/10.1007/s10984-022-09447-5 



69 J. of Technical Education and Training Vol. 17 No. 4 (2025) p. 55-69 

 

 

Partsei, K., Shevchuk, B., Buksar, S., Kurtyak, F., & Barabanchyk, O. (2025). The impact of using mobile apps on 
student engagement and involvement in the learning process. Periodicals of Engineering and Natural 
Sciences, 13(1), 219–232. https://doi.org/10.21533/pen.v13.i1.248 

Payoungkiattikun, W., Hemtasin, C., Intanin, A., & Thongsuk, T. (2025). Project-Based Learning as a Catalyst for 
Fostering Metacognitive Skills in Preservice Science Teachers. European Journal of Educational 
Research, 14(2), 453–470. https://doi.org/10.12973/eu-jer.14.2.453 

Rafiq, A. A., Triyono, M. B., & Djatmiko, I. W. (2022). Enhancing student engagement in vocational education by 
using virtual reality. Waikato Journal of Education, 27(3), 175–188. 
https://doi.org/10.15663/wje.v27i3.964 

Rahimi, M. (2024). Effects of integrating motivational instructional strategies into a process-genre writing 
instructional approach on students’ engagement and argumentative writing. System, 121. 
https://doi.org/10.1016/j.system.2024.103261 

Salhab, R., & Daher, W. (2023). University Students’ Engagement in Mobile Learning. European Journal of 
Investigation in Health, Psychology and Education, 13(1), 202–216. 
https://doi.org/10.3390/ejihpe13010016 

Shekhar, P., Dominguez, H., Abichandani, P., & Iaboni, C. (2024). Unpacking High School Students’ Motivational 
Influences in Project-Based Learning. IEEE Transactions on Education, 67(1), 20–30. 
https://doi.org/10.1109/TE.2023.3299173 

Squalli Houssaini, M., Aboutajeddine, A., Toughrai, I., & Ibrahimi, A. (2024). Development of a design course for 
medical curriculum: Using design thinking as an instructional design method empowered by 
constructive alignment and generative AI. Thinking Skills and Creativity, 52. 
https://doi.org/10.1016/j.tsc.2024.101491 

Sureda-García, I., Jiménez-López, R., Álvarez-García, O., & Quintana-Murci, E. (2021). Emotional and behavioural 
engagement among spanish students in vocational education and training. Sustainability (Switzerland), 
13(7). https://doi.org/10.3390/su13073882 

Turk, D. B., & Berman, S. B. (2024). Project Based Learning in Real World U.S. History Classrooms: Engaging 
Diverse Learners. In Project Based Learning in Real World U.S. History Classrooms: Engaging Diverse 
Learners. Routledge. https://doi.org/10.4324/9781003157649 

Wulansari, R. E., Marta, R., Sakti, R. H., Dewi, S. M., Safitri, D., Kassymova, G. K., Folkourng, F., & Kumar, V. (2023). 
Computer Assisted Instruction (CAI) Integrated Case Method-Flipped Classroom: Innovative 
Instructional Model to Improve Problem-Solving Skill and Learning Outcome of TVET Students. Journal 
of Technical Education and Training, 15(4), 100–113. https://doi.org/10.30880/jtet.2023.15.04.009 

Zhang, Y., & Watson, S. L. (2025). Impacts of Gamified Project-Based Learning on Students’ Achievement 
Motivation in Rural China. TechTrends, 69(3), 471–484. https://doi.org/10.1007/s11528-025-01051-7 


