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ABSTRACT 

Blended learning has become a pivotal instructional approach in higher vocational education; however, the 

factors that influence student performance within this context remain insufficiently examined. This study 

examines the effects of learning autonomy, learning satisfaction, and learning engagement on learning 

performance among students enrolled in Higher Vocational Food Science programs within a blended learning 

environment. A quantitative research design was adopted, and data were collected through a structured survey 

administered to a sample of students. Structural Equation Modeling (SEM) was employed to analyze the 

relationships among the core variables. The results indicate that learning autonomy, learning satisfaction, and 

learning engagement all significantly influence learning performance. Moreover, both learning satisfaction and 

learning engagement serve as significant mediators in the relationship between learning autonomy and 

performance. These findings underscore the importance of promoting learning autonomy to enhance engagement 

and satisfaction, ultimately leading to improved academic outcomes. This study contributes to the growing body 

of research on student success in vocational education and offers practical implications for optimizing blended 

learning strategies. 

Keywords: Learning autonomy, satisfaction, engagement, learning performance, blended learning, higher 

vocational institution, food science 

INTRODUCTION 

In recent years, blended learning, which integrates face-to-face instruction with online learning components, has 

gained significant traction in higher vocational education due to its potential to enhance instructional flexibility, 

student engagement, and personalized learning [1-6]. In particular, BL has been increasingly adopted in 

vocational programs to address the growing need for skill-oriented, learner-centered education that bridges 

theoretical knowledge and practical application [7, 8]. Despite the growing interest in BL, understanding of the 

factors that influence student learning outcomes in this context remains limited, especially in vocational settings 

where learners often possess diverse backgrounds, motivations, and learning needs [9]. 

In the context of blended learning environments, a range of factors have been identified as predictors of academic 

success. Among these, learning autonomy has emerged as a construct of increasing relevance [10, 11]. Rooted 

in Self-Determination Theory, learning autonomy refers to students’ ability to regulate and take ownership of 

their learning processes [12]. Prior studies have shown that autonomy-supportive learning environments 

contribute to increased satisfaction and academic engagement [13-16]. However, the mechanisms through which 

learning autonomy influences performance in vocational blended learning contexts remain insufficiently 

learning autonomy understood. While a growing body of research has examined the role of satisfaction and 

http://www.rsisinternational.org/
https://dx.doi.org/10.47772/IJRISS.2025.906000157


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS) 

ISSN No. 2454-6186 | DOI: 10.47772/IJRISS | Volume IX Issue VI June 2025 

Page 2040 
www.rsisinternational.org 

 

 

 

engagement as mediators of learning outcomes [17], few studies have investigated how these variables interact 

with autonomy to shape student performance, particularly in practice-intensive fields such as food science. 

Moreover, higher vocational education represents a distinct educational sector characterized by a focus on 

technical competencies, hands-on learning, and immediate labor market relevance [18]. This context requires 

pedagogical approaches that not only impart knowledge but also encourage students to actively engage in their 

own learning processes. In this regard, understanding how autonomy operates in conjunction with satisfaction 

and engagement can inform more effective BL design that aligns with the needs of vocational learners. 

To address this gap, the present study examines the impact of learning autonomy on learning performance among 

students enrolled in Higher Vocational Food Science programs in a BL environment. Specifically, it explores 

the mediating roles of learning satisfaction and learning engagement in this relationship. By employing 

Structural Equation Modeling (SEM) to analyze survey data collected from higher vocational learners, this study 

aims to provide empirical insights into how autonomy contributes to academic outcomes in BL settings. The 

findings not only contribute to the theoretical understanding of learning autonomy in vocational education but 

also offer practical implications for enhancing the effectiveness of blended instructional strategies. 

LITERATURE REVIEW AND HYPOTHESIS 

A. Literature Review 

Blended learning represents an innovative pedagogical model that deliberately integrates face-to-face instruction 

with online learning components in a coherent and complementary manner [19]. Originating from early 

experiments at Stanford University in the 1960s and 1970s through the use of instructional videos, BL has 

evolved alongside technological advancements to encompass diverse modalities such as computer-based, 

mobile, and distance learning [20]. This flexibility allows educators to design instructional models that are 

adaptable to the needs of learners, instructors, and subject-specific content [21, 22].  

Unlike fully online or traditional face-to-face learning models, BL offers a hybrid structure that draws upon the 

strengths of both paradigms. It promotes ubiquity, self-paced learning, and autonomy while preserving the 

immediacy and relational dynamics of in-person instruction [1]. As such, it offers a hybrid structure that 

enhances learner-centeredness, fosters self-paced learning, and supports individualized learning trajectories. 

This hybrid format is particularly conducive to promoting learning autonomy, as it empowers students to exert 

greater control over the pace, sequence, and location of their learning [23, 24].  

Empirical studies have shown that BL environments are positively associated with learning engagement, student 

satisfaction, and improved academic outcomes [21, 25-27]. Specifically, flipped classroom models, which 

represent a form of BL, have demonstrated that engaging with materials before class enhances collaboration and 

problem-solving during class, leading to deeper understanding and stronger emotional and cognitive 

engagement. [28, 29].  

However, BL is not without challenges. Digital inequities, such as disparities in access to technology and internet 

connectivity, as well as differences in learners’ digital literacy and self-regulatory abilities, may affect the 

efficacy of BL implementation [20, 21]. Therefore, successful BL depends not only on institutional infrastructure 

but also on learners’ capacity for autonomous learning. 

In the context of higher vocational education, particularly within food science programs, blended learning is 

especially valuable for its capacity to integrate theoretical knowledge with practical skills. The digital 

components facilitate flexible acquisition of conceptual content, while face-to-face sessions support hands-on 

learning. Given the dual nature of vocational competencies, the effectiveness of BL in this setting is significantly 

influenced by learner characteristics such as autonomy, engagement, and satisfaction, which in turn shape overall 

learning performance. 

1) Learning Autonomy: Learning autonomy has emerged as a cornerstone of contemporary educational theory, 

particularly within blended and student-centered learning paradigms. Philosophically grounded in classical 

thought (e.g., Socrates, Plato, Aristotle) and further developed in modern pedagogical discourse, autonomy refers  
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to learners’ ability to regulate and take responsibility for their own educational processes [30]. 

Holec [31] defined learning autonomy as “the ability to take charge of one’s own learning,” encompassing the 

capacity to set learning objectives, choose appropriate methods and resources, monitor one’s own progress, and 

evaluate outcomes. Subsequent scholars such as Little [32] and Benson and Voller [33] emphasized its 

psychological, social, and rights-based dimensions, positioning autonomy as both a personal capacity and an 

educational goal. 

Theoretically, learner autonomy aligns with humanistic, constructivist, and experiential learning frameworks, 

which emphasize learner agency, reflective thinking, and the construction of knowledge through active 

participation [34, 35]. In higher education, particularly under the influence of the Bologna Process, autonomy is 

increasingly seen not merely as an individual trait but as a transferable competence that can be fostered through 

intentional curriculum design [36, 37]. 

In BL environments, where learners must navigate both structured face-to-face and flexible online components, 

autonomy becomes especially critical. The asynchronous nature of digital learning requires students to manage 

their time, motivation, and cognitive strategies independently. Research confirms that autonomous learners 

exhibit higher confidence, stronger self-efficacy, and greater engagement in blended settings [38, 39]. 

Importantly, learning autonomy is a multidimensional construct involving motivational (goal-setting), volitional 

(self-discipline), and cognitive (planning and monitoring) elements [30]. These dimensions enable learners to 

actively manage their academic progress, which constitutes a critical skill in vocational programs that require 

the integration of theoretical knowledge and practical skills. 

For vocational learners in food science, autonomy facilitates not only content mastery but also the development 

of applied skills, lifelong learning habits, and adaptability to industry changes. Thus, cultivating learning 

autonomy is central to optimizing student performance in blended vocational education. 

2) Learning Performance: Learning performance refers to students’ achievement of educational objectives and 

their perceived competence in academic tasks. In blended learning contexts, where self-directed learning is 

prevalent, performance is often captured through students’ self-assessment, which reflects their ability to 

critically evaluate their learning progress [40]. 

Self-assessment enhances metacognition and self-regulated learning by encouraging learners to reflect on their 

strengths, identify areas for improvement, and adjust learning strategies accordingly [41, 42]. In technology-

supported environments, digital platforms provide timely feedback and tracking mechanisms that further 

reinforce these self-evaluative behaviors [1]. 

Critically, self-assessment is both a manifestation and a catalyst of learning autonomy. Autonomous learners are 

more capable of engaging in reflective practices, which in turn strengthens their ability to self-regulate and 

maintain academic motivation [43, 44]. This bidirectional relationship underscores the importance of fostering 

autonomy to enhance learning performance in BL contexts. 

In vocational settings, such as food science programs, where applied competencies are emphasized, self-

assessment supports the development of practical, reflective, and transferable skills. Empirical studies confirm 

that self-assessment significantly improves learning performance and autonomy in both theoretical and 

practicum settings [40, 45, 46]. 

3) Learning Satisfaction: Learning satisfaction denotes students’ subjective evaluation of their learning 

experiences, encompassing perceived relevance, instructional quality, and emotional engagement [47, 48]. 

Within BL environments, satisfaction is influenced by multiple factors, including instructional design, 

technological usability, teacher presence, and learner autonomy [49, 50]. 

Autonomy has been shown to be a powerful predictor of learning satisfaction. Learner autonomy, by allowing 

control over pace, learning paths, and strategies, fosters motivation and emotional engagement, both of which 

significantly contribute to learning satisfaction [50, 51]. Studies affirm that autonomous learners report higher 
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satisfaction with blended learning environments, which, in turn, promotes sustained academic engagement and 

performance [51, 52]. 

In vocational education, satisfaction plays a crucial role in ensuring persistence and success. When students feel 

empowered and supported in managing their learning, especially in demanding programs like food science, their 

overall satisfaction improves, contributing positively to academic achievement and skill development [53, 54]. 

4) Learning Engagement: Learning engagement is defined as the extent to which students are behaviorally, 

emotionally, and cognitively invested in their learning activities [55]. In BL settings, engagement is essential, as 

students must balance autonomous online study with structured face-to-face interactions. This dual demand 

increases the importance of self-regulation and learning autonomy [55, 56]. 

Research consistently indicates a strong positive correlation between engagement and academic performance 

[57, 58]. Students who are behaviorally engaged demonstrate greater participation; those who are emotionally 

engaged exhibit higher levels of interest and enthusiasm; and cognitively engaged students employ deep learning 

strategies. Each of these forms of engagement contributes to improved academic outcomes [59]. 

Autonomous learners tend to exhibit higher levels of engagement, as they take initiative, set goals, and persist 

through challenges [60, 61]. In turn, engagement mediates the relationship between autonomy and performance, 

acting as a conduit through which self-directed learning translates into academic success [62]. 

In vocational food science programs, where experiential learning is key, engaged learners are better positioned 

to connect theory to practice, enhancing both immediate academic performance and long-term professional 

competence. 

B. Research Hypotheses 

Based on the literature reviewed, the following hypotheses are proposed: 

H1: Learning autonomy has a positive impact on learning performance in blended learning among food science 

students. 

H2: Learning autonomy has a positive impact on the learning satisfaction of food science students in blended 

learning. 

H3: Learning autonomy has a positive impact on the learning engagement of food science students in blended 

learning. 

H4: Learning satisfaction has a positive impact on the learning performance of food science students in blended 

learning. 

H5: Learning engagement has a positive impact on the learning performance of food science students in blended 

learning. 

H6: Learning satisfaction mediates the effects of learning autonomy on the learning performance in blended 

learning. 

H7: Learning engagement mediates the effects of learning autonomy on the learning performance in blended 

learning. 

 

Fig. 1 Hypothesized model 
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TABLE Ⅰ Variables And Items Used In This Study 

Variable Sub-constructs Item Adapted from 

Learning 

Autonomy 

Autonomy 

Willingness 

LA1 Chai [63] 

LA2 

LA3 

Learning 

Independence 

LA4 

LA5 

LA6 

LA7 

Learning 

Programmability 

LA8 

LA9 

LA10 

LA11 

Learning 

Creativity 

LA12 

LA13 

LA14 

LA15 

Learning 

Satisfaction 

Course 

Satisfaction 

SAT1 Wang [64] 

SAT2 

SAT3 

SAT4 

Teaching 

Satisfaction 

SAT5 

SAT6 

SAT7 

Course Platform 

Satisfaction 

SAT8 

SAT9 

SAT10 

Expected 

Service Quality 

Satisfaction 

SAT11 

SAT12 

SAT13 

Perceived 

Service Quality 

Satisfaction 

SAT14 

SAT15 

SAT16 

SAT17 

Overall 

Satisfaction 

SAT18 

SAT19 
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SAT20 

Learning 

Engagement 

Cognitive 

Engagement 

ENG1 Wang [64] 

ENG2 

ENG3 

ENG4 

Emotional 

Engagement 

ENG5 

ENG6 

ENG7 

ENG8 

Behavioral 

Engagement 

ENG9 

ENG10 

ENG11 

ENG12 

ENG13 

Learning 

Performance 

Knowledge and 

Skills 

LO1 Wang [64] 

LO2 

LO3 

Enjoyment of 

and Proficiency 

in Learning 

LO4 

LO5 

LO6 

LO7 

LO8 

Social 

Participation 

LO9 

LO10 

LO11 

Professional 

Competence 

LO12 

LO13 

 

Fig. 1 illustrates the proposed hypothesized model, which depicts the hypothesized relationships among learning 

autonomy, learning satisfaction, learning engagement, and learning performance in the blended learning context. 

METHODOLOGY 

This study adopts a comprehensive SEM approach to explore the relationships among learning autonomy, 

satisfaction, engagement, and  

TABLE Ⅱ Criteria For Reliability Indicators 

Internal Consistency Cronbach's α Values Sub-scale Reliability 

＞0.900 Highly satisfactory 

0.800-0.899 Excellent 
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0.700-0.799 Good 

0.600-0.699 Fair 

0.500-0.599 Acceptable, but on the lower side 

＜0.500 Unsatisfactory, better to delete 

 

performance in blended learning environments for food science majors at higher vocational institutions. It 

investigates the direct effects of learning autonomy, satisfaction, and engagement on performance and further 

explores the mediating roles of satisfaction and engagement in the relationship between autonomy and 

performance. 

A. Research Design 

To gain a comprehensive understanding of the relationship between learning autonomy and learning 

performance in blended learning environments, a hypothesized model was developed following a detailed 

literature review. Based on this model, an online questionnaire was constructed and disseminated via the 

Learning Management System (LMS). 

The questionnaire consisted of five parts: demographic information, learning autonomy, learning satisfaction, 

learning engagement, and learning performance. Measurement items for learning autonomy were adapted from 

Chai [63], while items for satisfaction, engagement, and performance were adapted from Wang [64]. All items 

were rated on a 7-point Likert scale (1 = strongly disagree; 7 = strongly agree). 

To ensure content validity, the questionnaire was reviewed by five experts, including two specialists in the field 

of food science and three experts in vocational education, all of whom have over five years of teaching 

experience. This expert review process ensured both the disciplinary relevance and pedagogical appropriateness 

of the questionnaire. 

Data collection was conducted in March and April 2025. All respondents provided informed consent, and ethical 

protocols were strictly adhered to throughout the research process. The reliability of the instrument was assessed 

using Cronbach’s alpha, and construct validity was evaluated through convergent and discriminant validity. SEM 

analysis was conducted using AMOS v.26, and bootstrapping was employed to assess the significance of the 

mediating effects. The measurement items are detailed in Table Ⅰ. 

B. Reliability and Validity of Instrument 

Cronbach’s alpha was used to evaluate the internal consistency of each construct, following Pallant [65]. A value 

above 0.900 indicates excellent reliability [66]. Items with alpha values below 0.600 were considered for 

elimination [67]. 

The instrument measured five dimensions: demographic information, learning autonomy, learning satisfaction, 

learning engagement, and learning performance. Internal consistency and specific thresholds for each subscale 

are reported in Table Ⅱ. 

Construct validity was examined through Confirmatory Factor Analysis (CFA) in AMOS v.26. Convergent 

validity was assessed via factor loadings, Average Variance Extracted (AVE), and Composite Reliability (CR). 

The accepted cut-off values were 0.5 for factor loadings and AVE, and 0.7 for CR [68]. Discriminant validity 

was established by confirming that the square root of the AVE for each latent construct exceeded its 

corresponding inter-construct correlations [69]. 

The reliability and validity outcomes are summarized in Table Ⅲ. All subscales showed Cronbach’s alpha 

values > 0.7, factor loadings > 0.5, and satisfactory AVE and CR values. 

Table Ⅳ demonstrates that each construct achieved discriminant validity, as each construct’s AVE square root 

exceeded the inter-construct correlations. 
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C. Respondents Profile 

Respondents were from three majors: Food Inspection and Testing Technology, Intelligent Food Processing 

Technology, and Food Quality and Safety at Liming Vocational University (LMU). Data were collected through 

Wjx.cn. The process included a pilot test and used random sampling. Of the 985 responses collected, 974 valid 

responses were retained after data screening. 

Demographic details are shown in Table Ⅴ. Of the participants, 66.02% were female. In terms of academic 

majors, 59.34% studied Food Inspection and  

Table Ⅲ Reliability And Validity Of Measures 

Main 

constructs 

Sub-constructs Item Mean SD Loading α CR AVE 

Learning 

Autonomy 

Autonomy 

Willingness 

LA1 4.53 1.956 0.922 0.795 0.832 0.952 

LA2 4.28 1.573 

LA3 4.26 1.556 

Learning 

Independence 

LA4 4.22 1.563 0.914 0.815 

LA5 4.29 1.540 

LA6 4.28 1.567 

LA7 4.25 1.561 

Learning 

Programmability 

LA8 4.20 1.536 0.909 0.858 

LA9 4.27 1.540 

LA10 4.24 1.547 

LA11 4.22 1.518 

Learning 

Creativity 

LA12 4.25 1.521 0.904 0.893 

LA13 4.16 1.535 

LA14 4.25 1.511 

LA15 4.23 1.522 

Learning 

Satisfaction 

Course 

Satisfaction 

SAT1 4.51 1.897 0.922 0.877 0.8 0.96 

SAT2 4.30 1.553 

SAT3 4.26 1.559 

SAT4 4.26 1.551 

Teaching 

Satisfaction 

SAT5 4.33 1.573 0.89 0.832 

SAT6 4.30 1.533 

SAT7 4.24 1.548 

Course Platform 

Satisfaction 

SAT8 4.27 1.563 0.888 0.812 

SAT9 4.23 1.526 

SAT10 4.29 1.578 

Expected Service 

Quality 

SAT11 4.30 1.572 0.873 0.842 

SAT12 4.30 1.496 
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Satisfaction SAT13 4.25 1.564 

Perceived Service 

Quality 

Satisfaction 

SAT14 4.25 1.534 0.91 0.821 

SAT15 4.23 1.523 

SAT16 4.30 1.576 

SAT17 4.30 1.564 

Overall 

Satisfaction 

SAT18 4.34 1.523 0.882 0.877 

SAT19 4.29 1.543 

SAT20 4.23 1.586 

Learning 

Engagement 

Cognitive 

Engagement 

ENG1 4.51 1.973 0.93 0.839 0.854 0.946 

ENG2 4.24 1.558 

ENG3 4.21 1.530 

ENG4 4.25 1.577 

Emotional 

Engagement 

ENG5 4.22 1.582 0.913 0.933 

ENG6 4.30 1.617 

ENG7 4.25 1.573 

ENG8 4.18 1.505 

Behavioral 

Engagement 

ENG9 4.22 1.562 0.929 0.882 

ENG10 4.29 1.539 

ENG11 4.25 1.553 

ENG12 4.21 1.606 

ENG13 4.21 1.593 

Learning 

Performance 

Knowledge and 

Skills 

LO1 4.51 1.733 0.898 0.876 0.771 0.931 

LO2 4.23 1.431 

LO3 4.21 1.439 

Enjoyment and 

Proficiency in 

Learning 

LO4 4.24 1.471 0.927 0.931 

LO5 4.19 1.442 

LO6 4.24 1.413 

LO7 4.18 1.473 

LO8 4.25 1.450 

Social 

Participation 

LO9 4.22 1.415 0.872 0.779 

LO10 4.22 1.477 

LO11 4.24 1.481 

Professional 

Competence 

LO12 4.30 1.464 0.81 0.788 

LO13 4.18 1.470 

Testing, 7.70% studied Intelligent Food Processing, and 32.96% studied Food Quality and Safety. Regarding 

computer skills, 43.63% rated themselves as low, 37.78% as intermediate, and 18.58% as high. 
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D. Data Collection Procedures 

The data for this study were collected through an online questionnaire hosted on the Chinese survey platform 

Wjx.cn. Prior to distribution, ethical approval was obtained from the relevant institutional review board to ensure 

compliance with research ethics. The survey link was then disseminated via the institution’s LMS, allowing 

convenient access for the target participants. Before completing the questionnaire, participants were provided 

with an informed consent statement outlining the study's objectives, the voluntary nature of participation, and 

assurances of confidentiality and anonymity. Only those who agreed to the  

Table Ⅳ Discriminant Validity 

Constructs 1 2 3 4 

1. Learning Autonomy 0.912    

2. Learning Satisfaction 0.429** 0.894   

3. Learning Engagement 0.439** 0.459** 0.924  

4. Learning Performance 0.493** 0.505** 0.549** 0.878 

Note: Diagonal values in bold represent the square root of the AVE; off-diagonal values indicate inter-construct 

correlations. ** indicates significance at p < 0.01. 

TABLE Ⅴ Characteristics Of The Sample 

Characteristics % 

Major  

Food Inspection and Testing Technology 59.34 

Food Intelligent Processing Technology 7.70 

Food Quality and Safety 32.96 

Gender  

Male 33.98 

Female 66.02 

Computer skill level  

Low 43.63 

Medium 37.78 

High 18.58 

 

terms proceeded to complete the survey, ensuring that data collection adhered to ethical and procedural 

standards. 

E. Data Analysis Procedures 

The collected data were first screened and coded using SPSS v.21. Descriptive statistics, reliability analysis, and 

correlation analysis were conducted to ensure the quality and suitability of the dataset for further 

modeling. SEM was then performed using AMOS v.26 to test the hypothesized structural relationships among 

learning autonomy, satisfaction, engagement, and performance. To assess the mediating effects of learning 

satisfaction and learning engagement on the relationship between autonomy and academic performance, the 

bootstrapping method with 5,000 resamples was applied. This non-parametric technique provided bias-corrected 
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confidence intervals for the indirect effects, thereby offering a robust test of mediation pathways. 

F. Qualitative Procedure 

To complement the quantitative findings and gain deeper insights into students’ experiences of learning 

autonomy and engagement, a qualitative phase was conducted using semi-structured interviews. A purposive 

sampling strategy was adopted to recruit 10 students from the original survey pool who expressed willingness to 

participate in follow-up interviews. 

Each interview lasted approximately 35–45 minutes and was conducted via online conferencing platforms. The 

interview protocol focused on students’ perceptions of learning autonomy, engagement, and satisfaction with 

the blended learning environment. All interviews were audio-recorded with participants’ consent and 

subsequently transcribed verbatim in Chinese. For the purpose of reporting and thematic analysis, relevant 

excerpts were translated into English and checked by a bilingual expert to ensure accuracy. 

Thematic analysis was used to analyze the interview data, following Braun and Clarke’s six-phase framework 

[70]. Codes were generated inductively and grouped into broader themes that reflected common patterns across 

participants. To ensure trustworthiness, two researchers independently coded a subset of transcripts and 

discussed discrepancies to reach consensus. 

RESULTS AND DISCUSSION 

SEM was conducted using AMOS v.26 to examine the hypothesized relationships among learning autonomy, 

satisfaction, engagement, and academic performance. The model estimation employed the maximum likelihood 

method, which is widely recognized for its robustness and suitability for large sample sizes and normally 

distributed data. This analytical approach enabled the simultaneous testing of both direct and indirect effects 

among the variables, offering a comprehensive understanding of the structural pathways.  

 

Fig. 2 Estimation of model 
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Table Ⅵ Fit Indices 

Category Indicator Name Fit Criterion Test Result Acceptable 

Absolute Fit Indices GFI >0.8 0.962 Accepted 

AGFI >0.8 0.949 Accepted 

RMSEA <0.08 0.045 Accepted 

Incremental Fit Indices NFI >0.8 0.981 Accepted 

IFI >0.8 0.987 Accepted 

CFI >0.8 0.987 Accepted 

RFI >0.8 0.977 Accepted 

Parsimony Fit Indices CMIN/df <3 2.973 Accepted 

PGFI >0.5 0.717 Accepted 

 

The subsequent sections present and interpret the results of the model fit and path coefficient analysis. 

A. Structural Model 

The structural model demonstrated an acceptable fit to the data, as evidenced by the fit indices presented in Fig. 

2 and Table Ⅵ, indicating a satisfactory model fit. 

As shown in Table Ⅶ, the path coefficient analysis revealed that learning autonomy exerted significant positive 

effects on learning satisfaction (β = 0.12, p < 0.001), learning engagement (β = 0.148, p < 0.001), and academic 

performance (β = 0.076, p = 0.011). These results highlight the importance of fostering autonomy-supportive 

learning environments. Students who perceive higher levels of autonomy tend to report greater satisfaction with 

their learning experiences, likely due to the fulfillment of intrinsic psychological needs, as posited by Self-

Determination Theory [71]. 

This positive association suggests that autonomous learners tend to engage more cognitively, emotionally, and 

behaviorally in learning activities, which significantly predicts academic success [72]. Although the direct effect 

of autonomy on academic performance is relatively modest, it remains statistically significant. This finding 

supports prior research suggesting that autonomy enhances learners’ self-regulatory strategies, thereby indirectly 

contributing to improved academic outcomes [73-78]. 

Furthermore, both learning satisfaction and learning engagement significantly predicted learning performance, 

with engagement exerting a stronger influence (β = 0.183, p < 0.001) than satisfaction (β = 0.086, p = 0.004). 

This is consistent with previous research identifying learning satisfaction as a meaningful predictor of learning 

performance [51, 79, 80]. However, the stronger effect of engagement underscores its more immediate and 

impactful role in shaping academic outcomes. While satisfaction captures learners’ affective evaluations of their 

educational experience, engagement reflects their active participation and sustained effort, which are essential 

for academic success [60, 81, 82]. 

The greater impact of engagement suggests that satisfaction alone is insufficient; sustained and meaningful 

engagement serves as a more powerful driver of learning performance [82-84]. These findings align with prior 

studies that position engagement as a key mediating mechanism linking autonomy to tangible learning 

performance. 

B. The Mediation Roles of Learning Satisfaction and Learning Engagement 

Table Ⅶ presents the results of the mediation analysis examining the  
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Table Ⅶ Structural Model Results 

Path Standardized Path 

Coefficient 

Unstandardized 

Path Coefficient 

S.E. C.R. p H 

LA →SAT 0.12 0.138 0.039 3.498 *** Supported 

LA→ENG 0.148 0.175 0.041 4.266 *** Supported 

LA→LP 0.076 0.08 0.032 2.538 0.011 Supported 

SAT→LP 0.086 0.079 0.027 2.901 0.004 Supported 

ENG→LP 0.183 0.163 0.027 6.091 *** Supported 

 

TABLE Ⅷ Mediating Analysis 

Mediating Paths Parameter Estimate Lower Upper P 

Learning Autonomy → Learning 

Satisfaction → Learning 

Performance 

Direct effect 0.076 0.007 0.138 0.029 

Mediate effect 0.01 0.002 0.025 0.006 

Total effect 0.086 0.019 0.149 0.009 

Learning Autonomy → Learning 

Engagement → Learning 

Performance 

Direct effect 0.076 0.007 0.138 0.029 

Mediate effect 0.027 0.012 0.048 0 

Total effect 0.103 0.036 0.168 0.002 

 

indirect effects of learning satisfaction and learning engagement on the relationship between learning autonomy 

and learning performance. Two mediation pathways were tested: (1) learning autonomy → learning satisfaction 

→ learning performance, and (2) learning autonomy → learning engagement → learning performance. 

The results indicate that learning satisfaction significantly mediated the relationship between autonomy and 

performance, with a mediation effect of 0.010 (95% CI [0.002, 0.025], p = 0.006). The total effect for this 

pathway was 0.086 (p = 0.009), while the direct effect remained significant at 0.076 (p = 0.029), suggesting a 

partial mediation. Similarly, learning engagement also served as a significant mediator, with a mediation effect 

of 0.027 (95% CI [0.012, 0.048], p < 0.001). The total effect for this pathway was 0.103 (p = 0.002), while the 

direct effect remained at 0.076 (p = 0.029), confirming partial mediation. 

These findings emphasize the critical mediating roles of both satisfaction and engagement in translating learning 

autonomy into improved academic outcomes. Consistent with Self-Determination Theory [71], autonomy fulfills 

a basic psychological need that fuels intrinsic motivation, leading to greater satisfaction with the learning process 

[83-85]. Learning environments that support autonomy enhance students’ sense of agency and purpose, thereby 

promoting greater satisfaction [13, 86, 87]. The observed mediating effect of satisfaction reinforces the notion 

that emotionally positive learning experiences foster academic persistence and sustained effort. 

Importantly, learning engagement demonstrated a stronger mediating effect than satisfaction, suggesting that 

cognitive and behavioral investment in learning plays a more immediate role in driving academic performance. 

Autonomous learners are generally more proactive, self-regulated, and actively engaged in academic tasks, 

which leads to deeper cognitive and emotional engagement [72]. Philp and Duchesne (2016) argue that learner 

engagement comprises multiple interrelated dimensions, including cognitive, behavioral, emotional, and social 

aspects [88], all of which have been consistently linked to improved academic achievement [60]. These findings 

align with existing empirical evidence confirming the mediating role of engagement in the relationship between 

autonomy and learning performance [17]. 
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C.  Qualitative Findings 

To further interpret and contextualize the quantitative findings, semi-structured interviews were conducted with 

ten students from the original survey  

TABLE Ⅸ Themes Identified From Semi-Structured Interviews 

Theme Description Sample Quote 

Autonomous 

Learning 

Strategies 

Students described self-directed planning, 

goal-setting, and LMS navigation. 

“I always set a weekly plan and check off 

tasks on the LMS.” – P3 

Challenges in 

Self-

Regulation 

Some students reported procrastination and 

distraction in online learning. 

“Without a teacher watching, I just keep 

postponing tasks.” – P7 

Engagement 

through 

Practice 

Practical tasks increased relevance and 

motivation. 

“When we do food experiments, I feel 

more engaged.” – P5 

Feedback and 

Interaction 

Timely teacher feedback and LMS interaction 

boosted satisfaction. 

“Quick replies from the teacher made me 

feel they cared.” – P2 

Need for 

Structured 

Support 

Students suggested that guided modules or 

reminders help stay on track. 

“Autonomy is good, but reminders help 

me stay disciplined.” – P9 

 

Note: P1–P10 refer to anonymized participant codes used to protect student identities. All quotes were translated 

from Mandarin Chinese and lightly edited for clarity and readability. 

sample. A thematic analysis of the interview data revealed five core themes: autonomous learning strategies, 

challenges in self-regulation, engagement through practice, the role of feedback and interaction, and the need 

for structured support. These themes are summarized in Table IX. 

Many students appreciated the flexibility of blended learning, which enabled them to take control of their 

learning schedules and revisit online materials as needed. As one participant described, “I can study at my own 

pace and go back to videos when I don’t understand something.” Such autonomy was closely tied to increased 

motivation and confidence. 

However, autonomy was not universally positive. Several students expressed difficulty maintaining self-

discipline in online settings, citing procrastination and distraction. One student noted, “Without a teacher 

watching, I get distracted easily and often delay my work.” These insights suggest that while autonomy promotes 

learner agency, it may also create barriers for students lacking in self-regulation. 

Engagement was found to be significantly enhanced by practical assignments and active learning components. 

Tasks related to real-world food production were particularly effective in maintaining focus and interest. 

Moreover, timely feedback and interactive features within the LMS were mentioned as critical factors 

contributing to satisfaction and ongoing engagement. 

These qualitative findings reinforce the quantitative results and illustrate the nuanced role of autonomy in 

vocational blended learning. They highlight the importance of designing learning environments that balance 

flexibility with appropriate scaffolding to support diverse learner needs. 

CONCLUSION 

This study investigated the structural relationships among learning autonomy, satisfaction, engagement, and 
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academic performance in blended learning environments, with a focus on food science majors at higher 

vocational institutions. Using data from 974 valid responses, structural equation modeling (SEM) was employed 

to analyze both direct and indirect pathways among these key variables. Three primary findings emerged.  

First, learning autonomy had a significant impact on learning performance, both directly and through mediating 

variables. Students who demonstrated higher levels of autonomy reported better academic outcomes. This 

supports Self-Determination Theory, which posits that autonomy fosters intrinsic motivation and enhances 

learning behaviors.  

Second, both learning engagement and learning satisfaction were identified as mediators in the autonomy–

performance relationship, with engagement exhibiting a stronger mediating effect. While satisfaction reflects 

affective responses to the learning environment, engagement—encompassing cognitive, emotional, and 

behavioral involvement—was more directly linked to academic achievement.  

Third, learning engagement emerged as the strongest predictor of academic performance, emphasizing the 

importance of fostering active and sustained learner involvement in blended learning environments.  

These findings have important theoretical and practical implications. Theoretically, the study enriches our 

understanding of how autonomy influences academic success, particularly through the dual mediating pathways 

of satisfaction and engagement. It also reinforces the applicability of Self-Determination Theory in technology-

enhanced vocational education.  

From a practical standpoint, the results offer actionable insights for curriculum designers and LMS developers. 

Curriculum designers should consider integrating autonomy-supportive strategies—such as self-paced learning 

modules, flexible assignment deadlines, and project-based learning—to foster student agency. Simultaneously, 

LMS developers can enhance learner engagement by embedding interactive tools, timely feedback mechanisms, 

and features that facilitate peer collaboration and progress tracking. Designing LMS environments that scaffold 

autonomy while minimizing the risks of learner disengagement (e.g., procrastination or lack of structure) is 

critical.  

For vocational educators, these findings underscore the importance of balancing flexibility with structured 

guidance. While blended learning environments offer opportunities for personalized learning, they must be 

intentionally designed to support diverse learner needs through motivational scaffolds and meaningful 

engagement.  

Finally, qualitative interview data provided additional insight into the psychological mechanisms underpinning 

learning autonomy and engagement, further validating the quantitative findings and emphasizing the need for 

pedagogical and technological designs that align with learners' motivational and self-regulatory profiles. 

 LIMITATIONS AND FUTURE DIRECTIONS 

Despite the methodological rigor and robustness of the findings, several limitations must be acknowledged, 

particularly regarding the generalizability of the results. 

First, this study was conducted within a single higher vocational institution in China and focused exclusively on 

students majoring in Food Science. While this context provides valuable insights into a specific and under-

researched educational setting, the narrow institutional and disciplinary scope limits the generalizability of the 

findings. Institutional culture, program structure, student demographics, and subject-specific characteristics may 

vary across contexts and influence the applicability of the results. Moreover, these findings are primarily relevant 

to institutions that implement blended learning supported by a LMS. Therefore, caution is advised when 

extending these conclusions to different academic disciplines, technological infrastructures, or educational 

systems not utilizing LMS-based blended learning environments. 

Second, the study did not incorporate several contextual factors that may significantly interact with the core 

variables. For example, instructional design, teaching style, and the specific configuration of blended learning 
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environments were not examined. Future studies should consider including such variables to offer a more 

comprehensive understanding of the dynamics influencing learning performance in blended settings. 

To improve external validity and enhance the theoretical scope of this research, future work should replicate the 

study across multiple institutions, academic disciplines, and sociocultural contexts. Additionally, longitudinal 

research designs may uncover how learning autonomy, engagement, and satisfaction develop over time. Further 

investigations might also explore the moderating or mediating roles of institutional support, digital tools, and 

socio-emotional variables in shaping students’ learning experiences and academic outcomes within blended 

learning environments. 
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