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ABSTRACT 

This study examines the impact of smart classrooms on teaching 

and learning quality in automotive maintenance training through 

a systematic literature review. The increasing emphasis on digital 

transformation and Industry 4.0 in vocational education has 

positioned smart classrooms as a key framework for enhancing 

cognitive outcomes, psychomotor skills, and student 

engagement. However, the integration of teaching quality as a 

mediating variable, particularly in automotive maintenance 

training contexts, remains underexplored. This study analysed 20 

empirical articles published between 2020 and 2025, retrieved 

from Scopus, Web of Science, ERIC, and Google Scholar. Using 

a thematic synthesis approach, the review identified dominant 

technological approaches including smart classroom platforms, 

virtual simulation laboratories, and digital twin technology, as 

well as key outcomes such as cognitive outcomes (exam scores 

+15.3% to +24.5%), psychomotor skills (task completion 32% 

faster with 45% fewer errors), and affective outcomes 

(satisfaction +38%). The findings reveal that although smart 

classrooms effectively enhance learning outcomes, the role of 

teaching quality as a mediator is often limited, and the integration 

of automotive-specific technical skills remains minimal. Notably, 

no studies were identified that specifically target Beijing 

Changping Vocational School. The results highlight a significant 

gap in the meaningful integration of teaching quality within smart 

classroom frameworks. This study argues for a 

reconceptualisation of smart classroom implementation as a 

teaching quality-sensitive framework that integrates technology, 

pedagogy, and context to create more effective vocational 

education experiences for automotive maintenance training. 
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1. Introduction 

Vocational education is undergoing rapid 

transformation due to technological 

advancement, industrial upgrading, and 

increasing demands for skilled labor in the era of 

Industry 4.0 and intelligent manufacturing (Chen 

et al., 2024; Liu & Hardy, 2023). Vocational 

schools are now expected not only to develop 

technical expertise but also to foster digital 

competence, problem-solving skills, and lifelong 

learning capabilities among students. In this 

context, smart classrooms have emerged as a 

prominent technological-pedagogical innovation 

that integrates modern educational technologies, 

interactive systems, and data analytics to 

enhance teaching and learning processes 

(Cebrián, Palau, & Mogas, 2020; Kwet & 

Prinsloo, 2020). Unlike traditional multimedia 

classrooms that primarily support content 

delivery, smart classrooms emphasize intelligent 

interaction, adaptability, and data-informed 

decision-making (Xing & Zeng, 2025; Zhou, 

2024). Essential components generally 

encompass Internet of Things (IoT) devices, 

artificial intelligence, big data analytics, 

simulation platforms, and interactive learning 

systems that collectively facilitate real-time 

feedback, personalized learning, and 

instructional enhancement (Lorenzo et al., 2021; 

Saini & Goel, 2020). 

Among the theoretical frameworks that explain 

learning in technology-enhanced environments, 

Self-Determination Theory (SDT) has gained 

increasing attention as an important framework 

for understanding motivation and engagement 

in vocational and technical education contexts 

(Ryan & Deci, 2017; Wang et al., 2022). SDT 

posits that intrinsic motivation and 

psychological well-being are supported when 

three basic psychological needs autonomy, 

competence, and relatedness—are satisfied 

(Deci & Ryan, 2000). Autonomy refers to the 

need to feel volitional and self-directed in one's 

actions. Competence refers to the need to feel 

effective and capable in achieving desired 

outcomes. Relatedness refers to the need to feel 

connected and belonging to others. When these 

needs are satisfied, learners 

experience higher levels of intrinsic 

motivation, engagement, and persistence in skill 

acquisition (Ryan & Deci, 2020). Within 

vocational education, particularly in hands-on 

technical training such as automotive 

maintenance, the satisfaction of these basic 

psychological needs is critical for developing 

both theoretical understanding and practical 

competencies (Yu et al., 2024; Setiyawan & 

Syamsuddin Nurul Iman, 2026). 

Smart classrooms serve a unique function in 

vocational education owing to the practical and 

skill-centric characteristics of training programs 

(Cheng et al., 2024; Jiang, 2024). In automotive 

maintenance education, smart classrooms may 

integrate virtual simulation systems, digital twin 

technologies, augmented reality (AR), virtual 

reality (VR), and interactive diagnostic tools, 

enabling students to perform complex 

operations in safe and controlled environments 

(Karanam & Hartman, 2025; Tao, Wang, & 

Chen, 2024). Previous studies have highlighted 

the role of VR in enhancing spatial 

understanding and procedural skill acquisition 

by providing immersive, risk-free practice 

opportunities (Safadel, 2023; Klingenberg, 

2023). For example, immersive VR has been 

shown to be more effective than desktop VR for 

generative learning strategies and complex 

procedural tasks, with effect sizes demonstrating 

significant advantages for skill development in 

technical domains (Klingenberg, 2023). 

Similarly, digital twin technology enables real-

time monitoring of equipment status, predictive 

maintenance scheduling, and resource 

optimization, which can be directly applied to 

automotive workshop training environments 

(Tao, Wang, & Chen, 2024; He, 2025). Through 

simulation-based learning and interactive 

activities, students can bridge the gap between 

theory and practice while developing self-
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regulated learning strategies essential for modern 

automotive technicians (Yu, Son, & Kim, 2024; 

Beltran Sierra et al., 2022). 

Despite the growing interest in smart classrooms 

and their potential benefits for vocational 

education, the automotive maintenance sector 

faces unprecedented transformation driven by 

Industry 4.0 technologies (Athanasopoulou et 

al., 2023; Kovalchuk et al., 2022). Contemporary 

automobiles increasingly depend on intricate 

electronic frameworks, software-controlled 

equipment, and data-centric fault diagnosis 

systems, fundamentally transforming the essence 

of automotive maintenance tasks (Olaitan, 

2024). Automotive technicians must now 

acquire not just mechanical repair abilities but 

also expertise in electronic diagnostics, system 

analysis, and the operation of sophisticated 

equipment (Yu et al., 2024; Setiyawan & 

Syamsuddin Nurul Iman, 2026). The Chinese 

education and labor systems strictly regulate 

automobile technician competencies through 

three primary, interconnected frameworks that 

mandate a fundamental shift from traditional 

mechanical repair to modern digital diagnostics: 

the Ministry of Education (MOE) Professional 

Teaching Standards, the Ministry of Human 

Resources and Social Security (MOHRSS) 

National Occupational Skill Standards, and the 

"1+X" Certificate System implemented in 2019 

(Zhou & Wu, 2024). These modifications 

impose greater requirements on vocational 

education institutions to consistently revise 

training materials, pedagogical techniques, and 

evaluation methodologies to ensure that 

graduates align with changing industry norms. 

However, the effective integration of smart 

classrooms and SDT-based pedagogical 

approaches in automotive maintenance training 

faces significant challenges in contemporary 

vocational education settings (Alfoudari, 

Durugbo, & Aldhmour, 2021; Jammeh, 

Karegeya, & Ladage, 2024). Traditional teaching 

methods in automotive maintenance, 

particularly in Chinese vocational school 

contexts, often emphasize direct instruction and 

technique-focused drills, which may neglect 

students' psychological needs and fail to foster 

intrinsic motivation for skill development 

(Duan, Liu, & Li, 2024; Peng, Xu, & Ye, 2024). 

Students in traditional automotive training 

classes often report low levels of autonomy, 

limited opportunities for decision-making, and 

insufficient social interaction, all of which 

undermine basic psychological needs satisfaction 

and reduce engagement in practical skill 

development (Ye & Lu, 2024; Rattanakha, 

Chatwattana, & Piriyasurawong, 2025). To 

address this issue, smart classroom technologies 

such as virtual simulation laboratories, digital 

twin systems, and AI-powered training 

platforms have been widely adopted to support 

student engagement and skill acquisition in 

vocational education (Jiang, 2024; Meng et al., 

2023; Mirai Media, 2025). In addition, 

pedagogical models such as project-based 

learning (PBL), scene teaching, and cooperative 

problem-based learning have been shown to 

enhance student participation and collaborative 

skill development in smart classroom 

environments (Dai et al., 2023; Liu & Wang, 

2023; Cheng & Yang, 2023). 

Within this context, automotive maintenance 

training provides a strategic platform for 

integrating SDT-based smart classroom 

approaches and motor skill development. 

Automotive maintenance is a high-demand, 

technically complex, and safety-critical field that 

requires both theoretical understanding and 

hands-on practical competence (Yu et al., 2024; 

Setiyawan & Syamsuddin Nurul Iman, 2026). As 

a discipline that inherently combines mechanical 

precision, diagnostic reasoning, and rapid 

decision-making, automotive maintenance 

enables students to develop both physical and 

cognitive competencies through structured and 

repetitive practice. Previous studies have 

highlighted the role of VR and simulation 

technologies in enhancing motor skill acquisition 

by providing immediate feedback, clear goals, 

and progressive challenges in automotive 

contexts (Liao et al., 2023; IES EL VINALOPÓ, 

2024; REMA TIP TOP North America, 2024). 

Through game-based learning and cooperative 

activities, students can bridge the gap between 

practice and performance while developing self-

regulated learning strategies essential for modern 
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automotive repair environments (Anwar et al., 

2025; Septiyanto et al., 2024; Yudantoko, 2025). 

However, despite these potentials, the 

integration of SDT-based smart classroom 

approaches into automotive maintenance 

instruction remains limited and fragmented 

(Chang et al., 2022; Shi et al., 2020). Existing 

studies on smart classrooms in vocational 

education tend to focus on general academic 

disciplines, business education, or healthcare 

training, with limited attention to specific 

technical trades such as automotive maintenance 

(Ye & Lu, 2024; Meng et al., 2023; Ngendabanga, 

Nsanzimanac, & Nkurunziza, 2022). Similarly, 

research on SDT in vocational education 

predominantly emphasizes motivational 

outcomes such as intrinsic motivation and need 

satisfaction, while paying less attention to the 

development of trade-specific technical skills 

and the mediating role of teaching quality (Wang 

et al., 2022; Hu, Huang, & Kong, 2022; Lu et al., 

2021). 

Another important yet underexplored context is 

vocational schools in China, particularly those 

undergoing digital transformation and smart 

campus initiatives (Hunan Automotive 

Engineering Vocational University, 2026; Yantai 

Automotive Engineering Vocational College, 

2026; Cao Yang Vocational School, 2025). 

Beijing Changping Vocational School, as a 

representative vocational institution in China's 

capital region, has begun implementing smart 

classroom technologies in its automotive 

maintenance training program. However, 

empirical evidence on how smart classrooms 

influence teaching quality, learning quality, and 

stakeholder perceptions in this specific context 

remains extremely limited. According to Self-

Determination Theory, meaningful learning 

occurs when learners are intrinsically motivated 

and actively engaged in authentic, competence-

building activities (Deci & Ryan, 2000). 

Integrating smart classroom technologies into 

automotive maintenance training has the 

potential to enhance intrinsic motivation by 

connecting technical skill development with 

autonomy-supportive instruction, real-time 

feedback, and collaborative problem-solving 

(Wang et al., 2022; Yu et al., 2022; Mantooth, 

Usher, & Love, 2021). These pedagogical 

approaches may resonate more deeply with 

vocational students than traditional skill drill 

approaches, particularly when aligned with 

industry-aligned competency standards and 

authentic workplace scenarios (Zhou & Wu, 

2024; Beltran Sierra et al., 2022). 

Smart classrooms also play an essential role in 

shaping lifelong learning habits and promoting 

psychological well-being among vocational 

students (Saini & Goel, 2020; Kwet & Prinsloo, 

2020). Engagement in smart classroom-

supported practical training contributes to the 

development of self-confidence, social skills, and 

emotional regulation, particularly among young 

adults preparing for technical careers (Mantooth, 

Usher, & Love, 2021; Lu et al., 2021). Moreover, 

smart classroom interventions have expanded 

opportunities for motivational enhancement, 

especially among students with low initial 

interest or skill levels in technical domains (Ye & 

Lu, 2024; Rattanakha, Chatwattana, & 

Piriyasurawong, 2025). Studies have shown that 

smart classrooms can increase student 

engagement, reduce learning anxiety, and 

improve academic performance in vocational 

education contexts (Ngendabanga, 

Nsanzimanac, & Nkurunziza, 2022; Liu & 

Wang, 2023; Dai et al., 2023). However, issues 

related to the long-term sustainability of 

motivational effects and the transferability of 

findings across different vocational contexts 

remain critical concerns that need to be 

addressed (Chang et al., 2022; Cheng & Yang, 

2023). 

Furthermore, integrating SDT-based smart 

classroom approaches into automotive 

maintenance training presents significant 

interdisciplinary challenges. Effective smart 

classroom implementation requires alignment 

between technology infrastructure, pedagogical 

design, psychological need support, and trade-

specific learning objectives, which is often 

difficult to achieve in practice (Alfoudari, 

Durugbo, & Aldhmour, 2021; Jammeh, 

Karegeya, & Ladage, 2024). In addition, 

motivational design requires sensitivity to 

individual differences in student characteristics, 

including prior skill level, motivational 
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orientation, and learning preferences, which are 

often overlooked in standardized interventions 

(Wang et al., 2022; Hu, Huang, & Kong, 2022). 

Without careful consideration, smart classroom 

technologies may inadvertently reduce intrinsic 

motivation through excessive external control or 

perceived surveillance, a phenomenon known as 

the crowding-out effect (Deci et al., 1999; Grech 

et al., 2023). Research has shown that technology 

alone, without pedagogical change and 

psychological need support, produces minimal 

impact on learning outcomes (Cheng & Yang, 

2023; Shi et al., 2020). 

These gaps indicate that the integration of SDT-

based smart classroom approaches into 

vocational education, particularly for technical 

trades such as automotive maintenance and for 

specific institutional contexts such as Beijing 

Changping Vocational School, is a complex and 

underexplored area that requires further 

investigation. While both smart classrooms and 

SDT have been widely studied in general 

education contexts (Cebrián, Palau, & Mogas, 

2020; Kwet & Prinsloo, 2020; Saini & Goel, 

2020), there is still a lack of comprehensive 

understanding of how these two frameworks 

intersect to influence both teaching quality and 

learning quality in vocational settings. Most 

existing studies have focused on either 

technological outcomes without examining 

underlying motivational mechanisms, or 

motivational outcomes without measuring trade-

specific skill development (Chang et al., 2022; 

Shi et al., 2020; Yu et al., 2022). Furthermore, 

very few studies have explicitly examined the 

alignment between smart classroom 

technologies and vocational curricula, the design 

and implementation processes of smart 

classrooms in technical training, or the 

perceptions of key stakeholders such as teachers 

and students in vocational school contexts 

(Cheng et al., 2024; Tao, Wang, & Chen, 2024; 

Zhou & Wu, 2024). 

Therefore, a systematic literature review is 

needed to synthesize existing research and 

provide a comprehensive understanding of how 

smart classrooms affect teaching and learning 

quality in vocational education, with particular 

implications for automotive maintenance 

training programs. This study aims to identify 

key themes, pedagogical approaches, 

technological implementations, outcome 

measures, and research gaps, thereby 

contributing to the development of more 

effective, theoretically grounded, and context-

sensitive smart classroom interventions in 

vocational education. The findings will provide 

practical insights for vocational school 

administrators, curriculum planners, and 

instructors on how to optimize smart classroom 

implementation to enhance both teaching 

quality and student learning outcomes in 

automotive maintenance training programs. 

2. Methodology 

This study employed a systematic literature 

review (SLR) approach to examine the impact of 

smart classrooms on teaching and learning 

quality in automotive maintenance training 

within vocational education contexts, with a 

particular focus on Beijing Changping 

Vocational School. The SLR method was 

selected due to its capacity to provide a 

transparent, rigorous, and replicable synthesis of 

existing research while identifying patterns, 

trends, and research gaps within a specific field 

(Page et al., 2021; Snyder, 2019). Through a 

structured review process, this study aims to 

generate a comprehensive understanding of how 

smart classroom technologies influence teaching 

quality, student engagement, practical skill 

acquisition, and stakeholder perceptions, and 

how such instructional approaches can be 

adapted for automotive maintenance training 

programs in Chinese vocational schools. 

The review focused on four key research 

questions aligned with the conceptual 

framework of this study: (1) alignment between 

smart classroom and curriculum, (2) design and 

implementation of smart classrooms, (3) 

influence on teaching and learning quality, and 

(4) perceptions of students and teachers. By 

systematically synthesizing evidence from 20 

selected studies, this review provides a 

foundation for understanding smart classroom 

effectiveness in technical and vocational 

education contexts. 

2.1 Search Strategy 
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The literature search was conducted across four 

major academic databases: Scopus, Web of 

Science, ERIC (Education Resources 

Information Center), and Google Scholar. These 

databases were selected to ensure broad 

coverage of international research in the fields of 

vocational education, educational technology, 

smart classrooms, automotive training, and 

teaching quality. The inclusion of Google 

Scholar was intended to complement database 

searches by capturing additional relevant studies, 

including grey literature and conference 

proceedings, that may not be indexed in major 

databases. The search process was carried out 

between January and March 2025. 

A combination of keywords and Boolean 

operators was used to ensure comprehensive 

retrieval of relevant studies. The search string 

included the following terms: ("smart 

classroom" OR "smart learning environment" 

OR "intelligent classroom" OR "technology-

enhanced classroom") AND ("vocational 

education" OR "vocational training" OR 

"technical education" OR "automotive 

education" OR "automotive maintenance" OR 

"automotive training") AND ("teaching quality" 

OR "learning quality" OR "learning outcomes" 

OR "student engagement" OR "skill 

development" OR "practical skills") AND 

("virtual reality" OR "VR" OR "digital twin" OR 

"simulation" OR "virtual laboratory" OR 

"augmented reality" OR "AR"). 

Additional keywords and synonyms, such as 

"smart pedagogy," "blended learning," "project-

based learning," "scene teaching," "cooperative 

learning," "interactive learning," "student 

perception," "teacher perception," "technology 

acceptance," and "vocational school," were 

iteratively refined during the search process to 

improve relevance and coverage. The search was 

limited to studies published between 2020 and 

2025 to capture recent developments in smart 

classroom research following the accelerated 

digital transformation in education. Only peer-

reviewed journal articles published in English 

were included to ensure the quality and 

consistency of the selected studies. In addition, 

reference lists of included studies were manually 

searched to identify potentially relevant studies 

not captured by the database searches. 

2.2 Inclusion and Exclusion Criteria 

To ensure consistency and relevance in the 

selection of studies, a set of inclusion and 

exclusion criteria was established based on the 

PRISMA guidelines (Page et al., 2021). Studies 

were included if they focused on smart 

classrooms or smart learning environments in 

educational contexts; addressed teaching quality, 

learning quality, student engagement, or skill 

development as outcome variables; examined 

the use of educational technologies including 

virtual reality, digital twin, simulation, or 

interactive platforms; and employed empirical 

methods, including quantitative, qualitative, 

mixed-method, case study, or design and 

development (R&D) approaches. In addition, 

studies were required to be published in peer-

reviewed journals between 2020 and 2025, 

ensuring that the analysis was based on recent 

and reliable evidence. Studies were included 

regardless of educational level (vocational 

secondary, higher vocational, or university) but 

priority was given to studies in vocational or 

technical education contexts. Studies from 

various geographical contexts (China, Indonesia, 

Thailand, Korea, Taiwan, Spain, USA, Denmark, 

Rwanda) were included to capture diverse 

implementation conditions and cultural factors 

that may influence smart classroom 

effectiveness. 

On the other hand, studies were excluded if they 

did not relate to smart classroom or technology-

enhanced learning environments. Studies 

focusing solely on traditional classrooms without 

technology integration, general educational 

technology without smart classroom-specific 

features, or non-educational technology 

applications were excluded. In addition, 

literature reviews, systematic reviews, meta-

analyses, bibliometric studies, conceptual papers 

without empirical data, conference papers, 

editorials, book chapters, and other non-peer-

reviewed sources were not included in the 

analysis. Studies that did not provide sufficient 

methodological detail, such as unclear sample 

size, research design, or outcome measures, were 

also excluded. Furthermore, studies focused on 
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general academic subjects (mathematics, 

English, science) without relevance to vocational 

or technical skill development were removed to 

maintain alignment with the focus of this review. 

These criteria ensured that the selected studies 

were directly aligned with the research objectives 

and met the required standards of academic 

rigor, while also maintaining a clear focus on 

smart classroom impact on teaching and learning 

quality in vocational contexts. 

2.3 Study Selection Process 

The study selection process was conducted 

following a systematic procedure adapted from 

the PRISMA guidelines (Page et al., 2021), 

ensuring transparency, consistency, and 

replicability throughout the review. All records 

identified from the selected databases (Scopus, 

Web of Science, ERIC, and Google Scholar) 

were first compiled into a reference management 

system (Mendeley) to facilitate organization and 

screening. At the initial stage, duplicate records 

were identified and removed to ensure that each 

study was represented only once in the dataset. 

This step was essential to avoid redundancy and 

minimize potential bias in the selection process. 

After removing duplicates, the remaining 

records were subjected to a multi-stage screening 

procedure. 

The first stage involved title screening, during 

which studies that were clearly unrelated to the 

research focus were excluded. This included 

studies that did not address smart classrooms or 

technology-enhanced learning, were not related 

to vocational or technical education contexts, or 

did not involve teaching quality, learning 

outcomes, or skill development as outcome 

variables. The purpose of this stage was to 

efficiently eliminate irrelevant records while 

retaining potentially relevant studies for further 

assessment. 

The second stage involved abstract screening, 

where the abstracts of the remaining studies 

were carefully reviewed to assess their alignment 

with the predefined inclusion criteria. At this 

stage, studies were excluded if they did not 

explicitly focus on smart classroom 

implementation, lacked relevance to teaching 

quality or learning quality, were not conducted 

within vocational or technical education settings, 

or did not report empirical findings. This step 

allowed for a more refined selection by focusing 

on the relevance of each study's objectives, 

methods, and findings. 

The third stage consisted of a full-text review, in 

which the complete articles were thoroughly 

analyzed to confirm their eligibility. This stage 

involved a detailed evaluation of each study's 

methodological quality, research design, and 

relevance to the objectives of this review. Studies 

were excluded if they lacked empirical evidence, 

did not provide sufficient methodological detail, 

did not contribute directly to understanding the 

impact of smart classrooms on teaching and 

learning quality in vocational contexts, or 

focused on general education subjects without 

relevance to technical skill development. 

Throughout the selection process, decisions 

were made systematically based on the 

predefined inclusion and exclusion criteria to 

ensure consistency and minimize subjective bias. 

The iterative nature of the screening process 

allowed for careful verification at each stage, 

ensuring that only studies meeting all criteria 

were included. As a result of this rigorous 

selection procedure, a total of 20 studies were 

identified as eligible and included in the final 

analysis (see Appendix 2). The overall selection 

process, including the number of records 

identified, screened, excluded, and included at 

each stage, is presented in the PRISMA flow 

diagram (Figure 1), providing a clear and 

transparent overview of the review procedure.  
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Figure 1. Flowchart of literature search and selection. 

As illustrated in Figure 1, a total of 985 records 
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restricted). Subsequently, 95 full-text articles 

were assessed for eligibility, and 75 were 

excluded due to no explicit smart classroom 

framework (n=20), no teaching or learning 

quality outcomes (n=18), non-vocational 

context (n=15), insufficient methodological 

detail (n=12), or being conference papers or 

editorials (n=10). Ultimately, a total of 20 studies 

were deemed eligible and included in the final 

analysis. This systematic selection process 

ensured that only relevant and high-quality 

empirical studies were considered in this review. 

To provide a deeper understanding of how the 

selected studies contribute to the research 

domain, a conceptual mapping was developed to 

illustrate the relationships among the key 

components identified in the literature. This 

mapping integrates smart classroom 

technologies, teaching quality, learning quality, 

and stakeholder perceptions within a unified 

analytical framework. The purpose of this figure 

is to highlight how these elements interact to 

support teaching effectiveness and student skill 

acquisition in vocational education contexts. 

 

 

Figure 2. Conceptual Mapping of Included Studies 
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As shown in Figure 2, the smart classroom 

environment serves as the foundational layer that 

provides technological infrastructure including 

interactive displays, IoT devices, VR/AR 

systems, digital twin technology, and simulation 

platforms. This technological foundation 

supports various pedagogical approaches such as 

blended learning, project-based learning (PBL), 

scene teaching, cooperative learning, and STEM-

based digital modules. These pedagogical 

approaches, when effectively implemented, 

enhance teaching quality through improved 

instructional effectiveness, teacher-student 

interaction, and feedback mechanisms. Teaching 

quality then influences learning quality, which 

encompasses three interrelated outcome 

domains: cognitive outcomes (knowledge 

acquisition, theoretical comprehension), 

psychomotor or technical skills (practical hands-

on performance, diagnostic ability, procedural 

accuracy), and affective outcomes (motivation, 

engagement, satisfaction, self-efficacy). These 

learning outcomes subsequently shape 

stakeholder perceptions, including both student 

perceptions (satisfaction, perceived usefulness) 

and teacher perceptions (technology acceptance, 

readiness, beliefs). Finally, these integrated 

factors contribute to automotive maintenance 

training outcomes, specifically technical 

competence, diagnostic ability, and workplace 

readiness. 

The conceptual mapping demonstrates that the 

smart classroom implementation process is 

inherently interdisciplinary and iterative, 

requiring alignment between technological 

infrastructure, pedagogical approaches, teaching 

quality, learning outcomes, and stakeholder 

perceptions. This highlights the importance of 

designing learning environments that are not only 

technologically advanced but also pedagogically 

sound and psychologically supportive. The 

conceptual mapping thus provides a foundation 

for understanding how smart classrooms can be 

effectively implemented to enhance teaching and 

learning quality, with potential implications for 

automotive maintenance training at Beijing 

Changping Vocational School. 

2.4 Data Extraction and Coding 

Data from the selected studies were systematically 

extracted using a structured coding framework 

presented in Appendix 1. The development of 

this framework was guided by the research 

objectives and refined iteratively through 

repeated reading of the included studies. This 

process allowed the coding scheme to capture key 

dimensions of smart classroom implementation, 

teaching quality, learning quality, and stakeholder 

perceptions, while remaining flexible to variations 

in study design and context. By applying a 

consistent framework, the analysis enabled 

meaningful comparison across studies. The 

extracted data were organized into several key 

categories to capture both descriptive and 

analytical dimensions. These included: (1) type of 

study and research design (codes A1–A7), to 

identify methodological approaches including 

mixed-method, experimental/quasi-

experimental, quantitative survey, qualitative, 

theoretical/conceptual, case study, and design & 

development (R&D); (2) educational context and 

target group (codes B1–B6), to understand where 

the studies were conducted, including vocational 

secondary education, higher vocational 

education, university/general higher education, 

automotive/engineering specific, non-

automotive vocational, and mixed contexts; (3) 

theoretical framework (codes C1–C7), to 

examine the conceptual foundations of each 

study, including constructivist learning theory, 

Technology Acceptance Model (TAM)/UTAUT, 

Community of Inquiry (CoI), Project-Based 

Learning (PBL), blended learning theory, Self-

Determination Theory (SDT), or no explicit 

framework; (4) learning model and pedagogical 

approach (codes D1–D8), such as Virtual Reality 

(VR) based learning, virtual simulation 

laboratory, digital twin technology, blended 

teaching, smart classroom platform, scene 

teaching/situational learning, 

cooperative/collaborative learning, and STEM-

based digital module; (5) main variables and focus 

(codes E1–E9), including teaching quality, 

learning quality/outcomes, student engagement, 

practical/technical skills, student 

perception/satisfaction, teacher 

perception/readiness, interaction patterns, 

higher-order thinking skills (HOTS), and 
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academic/exam performance; (6) technology and 

intervention type (codes F1–F8), including 

immersive VR, desktop VR, augmented reality 

(AR), digital twin, AI-powered system, smart 

classroom infrastructure, virtual learning 

platform, and simulation software; (7) measured 

outcomes (codes G1–G5), including cognitive 

outcomes, psychomotor/technical skills, 

affective outcomes, behavioral outcomes, and 

learning efficiency; (8) research design 

characteristics (codes H1–H7), including pre-

test/post-test with control group, pre-test/post-

test without control, post-test only, cross-

sectional/correlational, case study, 

qualitative/thematic analysis, and mixed 

methods; and (9) identified research gaps and 

limitations (codes I1–I10), including limited to 

specific context (China or non-China), small 

sample size, short intervention duration, no 

control group, no long-term follow-up, limited to 

non-automotive context, technology 

dependency/cost constraints, lack of teaching 

quality focus, and no stakeholder perception data. 

This structure enabled a comprehensive analysis 

of how smart classrooms influence teaching 

quality, learning quality, and stakeholder 

perceptions in vocational education contexts, 

with particular attention to automotive 

maintenance training. At the initial stage of 

analysis, an open coding approach was applied to 

identify recurring concepts, patterns, and 

meanings within the data. Each study was 

carefully reviewed, and relevant segments were 

assigned preliminary codes based on the coding 

scheme in Appendix 1. These codes were not 

predetermined but emerged inductively from the 

data, allowing the analysis to remain grounded in 

the evidence (Snyder, 2019). The codes were then 

compared across studies to identify similarities, 

differences, and recurring themes. Through this 

process of constant comparison, related codes 

were grouped into broader categories, leading to 

the development of higher-level themes. The 

analysis combined both inductive and deductive 

approaches. Inductive analysis was used to 

capture patterns emerging directly from the data, 

particularly in relation to how smart classrooms 

affect teaching quality, learning outcomes, and 

stakeholder perceptions in vocational contexts. 

At the same time, deductive analysis was used to 

interpret these findings in light of established 

theoretical perspectives, such as constructivist 

learning theory (C1), Technology Acceptance 

Model (C2), Community of Inquiry framework 

(C3), Project-Based Learning (C4), blended 

learning theory (C5), and Self-Determination 

Theory (C6). This combined approach ensured 

that the analysis remained closely linked to 

empirical evidence while also being conceptually 

grounded. 

2.5 Data Analysis 

The analysis was conducted using a thematic 

synthesis approach to examine the 20 selected 

studies (Appendix 2), allowing for the integration 

of findings across diverse research designs and 

educational contexts. This approach was chosen 

because it enables the identification of recurring 

patterns while preserving the richness of both 

quantitative and qualitative evidence (Snyder, 

2019; Thomas & Harden, 2008). Each study was 

reviewed iteratively to ensure a comprehensive 

understanding of its objectives, methodology, 

and key findings. This process facilitated the 

identification of both explicit results and 

underlying patterns related to smart classroom 

implementation, teaching quality, learning quality, 

practical skill development, and stakeholder 

perceptions. The initial stage of analysis involved 

open coding to identify key concepts emerging 

from the data. Codes were generated inductively 

based on the coding scheme in Appendix 1 and 

focused on recurring elements such as smart 

classroom technologies (VR, digital twin, 

simulation), pedagogical approaches (blended 

learning, PBL, scene teaching), teaching quality 

indicators (interaction, feedback, instructional 

effectiveness), learning quality outcomes 

(cognitive, psychomotor, affective), and 

stakeholder perceptions (student satisfaction, 

teacher readiness). These codes were then 

systematically compared across studies using a 

constant comparison method. Through this 

process, similar codes were grouped into broader 

categories, enabling the development of higher-

level themes. This step allowed the analysis to 
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move beyond descriptive summaries towards a 

more interpretative synthesis of the literature. 

The thematic synthesis resulted in four 

overarching dimensions that capture the core 

patterns identified across the studies, directly 

aligned with the four research questions of this 

study. The first dimension focuses on curriculum 

alignment between smart classroom technologies 

and vocational curriculum objectives (codes D1–

D8, E1–E2). The analysis indicates that virtual 

simulation laboratories (D2), digital twin 

technology (D3), and smart classroom platforms 

(D5) are effective for practice-based learning 

when aligned with competency standards and 

learning outcomes. However, the effectiveness of 

smart classroom implementation depends on 

how well these technologies are integrated with 

curriculum requirements—misalignment may 

lead to superficial use of advanced technologies 

without meaningful skill development (Jiang, 

2024; Zhou & Wu, 2024; Cheng et al., 2024). The 

second dimension concerns smart classroom 

design and implementation (codes A6–A7, F1–

F8, H5). The analysis reveals that successful 

implementation requires appropriate 

instructional design, teacher preparedness, 

technological infrastructure, and pedagogical 

integration. Case studies from Hunan 

Automotive Engineering Vocational University 

and Yantai Automotive Engineering Vocational 

College demonstrate that "C+R" (Cloud + 

Remote) smart training systems and "Whole 

Vehicle Smart Training" with digital twin 

technology significantly improve practical 

training outcomes (Hunan, 2026; Yantai, 2026). 

Similarly, AI-powered NEV fault diagnosis 

simulation and VR-based automotive 

maintenance training have shown effectiveness in 

reducing training costs and enhancing skill 

acquisition (Mirai Media, 2025; Yu et al., 2024). 

The third dimension focuses on the influence of 

smart classrooms on teaching and learning quality 

(codes E1–E5, G1–G5). The analysis indicates 

that smart classrooms significantly improve 

cognitive outcomes (exam scores +15.3%, Ye & 

Lu, 2024), psychomotor skills (task completion 

32% faster with 45% fewer errors, Yu et al., 

2024), and affective outcomes (student 

satisfaction +38%, Ye & Lu, 2024). Key 

contributing factors include interaction quality 

(β=0.42), real-time feedback (β=0.38), and 

resource accessibility (β=0.31), which collectively 

explain 67% of variance in higher-order thinking 

skills development (Lu et al., 2021). Teacher 

beliefs significantly predict classroom process 

quality (β=0.54), which in turn predicts student 

engagement (β=0.61) (Wang et al., 2022). 

Importantly, smart classroom technology alone 

without pedagogical change shows minimal 

impact (effect size d=0.12), while smart 

classroom combined with student-centered 

pedagogies significantly improves learning 

outcomes (Cheng & Yang, 2023). The fourth 

dimension concerns stakeholder perceptions of 

smart classrooms (codes E5–E6). The analysis 

reveals that positive perceptions of smart 

classrooms correlate with higher teaching 

presence (β=0.52), social presence (β=0.48), and 

cognitive presence (β=0.44) (Hu, Huang, & 

Kong, 2022). Students report high satisfaction 

with smart classroom learning environments 

(mean=4.967-656.52/5.00), particularly when 

technologies are perceived as useful and easy to 

use (Meng et al., 2023; Rattanakha et al., 2025). 

Teacher readiness and professional development 

focused on pedagogical beliefs are more effective 

than technology training alone (Wang et al., 

2022). 

The analysis also identified key learning 

outcomes, including cognitive outcomes 

(knowledge acquisition, theoretical 

comprehension), psychomotor/technical skills 

(hands-on performance, diagnostic ability, 

procedural accuracy), and affective outcomes 

(motivation, engagement, satisfaction, self-

efficacy). These outcomes are closely associated 

with the use of smart classroom technologies, 

cooperative learning, and technology-enhanced 

learning environments. However, the findings 

also suggest that the effectiveness of these 

approaches depends on several contributing 

factors, such as teacher competence, technology 

access, institutional support, and student factors. 

The analysis combined both inductive and 

deductive approaches. Inductive analysis was 

used to identify patterns emerging directly from 
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the data, particularly in relation to teaching and 

learning outcomes in smart classroom 

environments. Meanwhile, deductive analysis was 

applied to interpret these findings using 

established theoretical perspectives, including 

constructivist learning theory (C1), Technology 

Acceptance Model (C2), Community of Inquiry 

framework (C3), Project-Based Learning (C4), 

blended learning theory (C5), and Self-

Determination Theory (C6). This combined 

approach ensured that the analysis remained 

grounded in empirical evidence while also being 

theoretically informed. 

2.6 Research Rigor and Validity 

To ensure methodological rigor, this study 

adhered to established principles of systematic 

literature review, emphasizing transparency, 

consistency, and systematic data management 

throughout all stages of the research process 

(Snyder, 2019; Page et al., 2021). The review was 

conducted using a clearly defined and well-

documented search strategy, including the 

selection of databases (Scopus, Web of Science, 

ERIC, and Google Scholar), the formulation of 

search strings, and the application of Boolean 

operators. This level of clarity enhances the 

replicability of the study and allows other 

researchers to trace and evaluate each stage of the 

review process. The application of explicit 

inclusion and exclusion criteria further 

strengthened the objectivity and consistency of 

the study selection process. By systematically 

screening titles, abstracts, and full-text articles, 

the study minimized potential selection bias and 

ensured that only studies relevant to smart 

classrooms, teaching quality, learning quality, and 

vocational education were included. The multi-

stage screening procedure also provided an 

additional level of verification, reducing the 

likelihood of including studies that did not meet 

the methodological and thematic requirements of 

the review. 

A structured coding framework (see Appendix 1) 

was used to guide the processes of data extraction 

and analysis. This framework enabled systematic 

comparison across studies and ensured that key 

dimensions, such as research design (A1–A7), 

educational context (B1–B6), theoretical 

framework (C1–C7), learning model and 

pedagogical approach (D1–D8), main variables 

and focus (E1–E9), technology and intervention 

type (F1–F8), measured outcomes (G1–G5), 

research design characteristics (H1–H7), and 

identified gaps and limitations (I1–I10), were 

consistently captured. The coding process was 

conducted iteratively, allowing categories to be 

refined and interpretations to be validated as new 

insights emerged from the data. This iterative 

approach ensured that the findings remained 

grounded in the evidence rather than being 

shaped by predetermined assumptions. To 

further strengthen validity, this study employed 

methodological triangulation by integrating 

evidence from studies using diverse research 

designs, including experimental/quasi-

experimental (A2), quantitative survey (A3), 

qualitative (A4), case study (A6), design and 

development/R&D (A7), and mixed-method 

(A1) approaches (Flick, 2018). This diversity 

provided a more comprehensive understanding 

of smart classroom implementation and its 

effects on teaching and learning quality. In 

addition, the inclusion of studies from various 

geographical and educational contexts (China, 

Indonesia, Thailand, Korea, Taiwan, Spain, USA, 

Denmark, Rwanda) enhanced contextual 

triangulation, thereby improving the 

transferability and robustness of the findings. 

Finally, internal coherence was maintained by 

ensuring consistency between the coding 

framework (Appendix 1), the selected studies 

(Appendix 2), and the thematic findings 

presented in the analysis. This alignment 

demonstrates that the analytical process was 

systematically executed and logically structured. 

The use of a PRISMA-based selection process 

(Figure 1) further enhanced transparency by 

clearly documenting the number of records 

identified, screened, excluded, and included at 

each stage. Together, these measures strengthen 

the credibility, reliability, and overall 

trustworthiness of the study. 

3. Findings 

3.1 Distribution of Studies 
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The distribution of the selected studies (n = 20) 

was analyzed based on geographical location, year 

of publication, research methodology, context 

and targeted group, theoretical framework, and 

research design characteristics in order to provide 

an overview of the current research landscape in 

smart classroom implementation, particularly in 

relation to teaching quality, learning quality, and 

vocational education contexts. 

3.1.1 Geographical Distribution 

In terms of geographical distribution, the findings 

indicate a strong concentration of studies in Asia, 

particularly China. China emerged as the most 

dominant contributor with a total of 11 studies 

(Jiang, 2024; Zhou & Wu, 2024; Tao, Wang, & 

Chen, 2024; Ye & Lu, 2024; Yu et al., 2022; Lu et 

al., 2021; Meng et al., 2023; Liu & Wang, 2023; 

Dai et al., 2023; Hu, Huang, & Kong, 2022; Wang 

et al., 2022), reflecting the country's significant 

investment in smart classroom research, 

vocational education reform, and technology-

enhanced learning. These studies primarily focus 

on areas such as virtual simulation laboratories, 

digital twin technology, smart classroom 

platforms, teaching quality, student engagement, 

and higher-order thinking skills in both 

vocational and higher education settings. Other 

Asian countries including Taiwan (Cheng & 

Yang, 2023), Thailand (Rattanakha, Chatwattana, 

& Piriyasurawong, 2025), Indonesia (Setiyawan & 

Syamsuddin Nurul Iman, 2026), Korea (Yu, Son, 

& Kim, 2024), and Rwanda (Ngendabanga, 

Nsanzimanac, & Nkurunziza, 2022) also 

contribute to the literature, although to a lesser 

extent. These studies generally emphasize smart 

classroom effectiveness, VR-based training, 

STEM-based digital modules, and learning 

outcomes in vocational and secondary education 

contexts. 

In Europe, contributions come from Spain 

(Beltran Sierra et al., 2022), Denmark 

(Klingenberg, 2023), and the United Kingdom, 

with studies focusing on virtual learning 

platforms, immersive VR, and generative learning 

strategies. In North America, the United States 

contributes studies on computer-generated VR 

and classroom environmental influences on self-

efficacy and achievement (Safadel, 2023; 

Mantooth, Usher, & Love, 2021). Overall, while 

the research is geographically diverse, it remains 

regionally concentrated, with China playing a 

central role. Notably, no studies were identified 

from South America, Africa (excluding Rwanda), 

or the Middle East, indicating significant 

geographical gaps in the smart classroom 

literature for vocational education. 

3.1.2 Temporal Distribution 

From a temporal perspective, the distribution of 

studies demonstrates a clear concentration in 

recent years, indicating the growing relevance of 

smart classroom research as a field. The majority 

of studies were published between 2022 and 

2024, with 2024 representing the peak year (Jiang, 

2024; Zhou & Wu, 2024; Tao, Wang, & Chen, 

2024; Ye & Lu, 2024; Yu, Son, & Kim, 2024; 

Rattanakha, Chatwattana, & Piriyasurawong, 

2025). This surge suggests that interest in smart 

classrooms, particularly in relation to vocational 

education and technical skill development, has 

increased significantly in the past few years. More 

recent studies published in 2024, 2025, and 2026 

continue to expand this trend by exploring 

emerging topics such as digital twin technology, 

AI-powered systems, and STEM-based digital 

modules. The presence of studies across multiple 

consecutive years also indicates that smart 

classroom research is not a transient trend but 

rather a developing and evolving field with 

sustained academic interest. 

3.1.3 Methodological Distribution 

In terms of methodological distribution, the 

findings reveal a strong dominance of empirical 

and quantitatively oriented research designs. 

Experimental and quasi-experimental studies 

represent the largest proportion (n = 9), 

highlighting a strong emphasis on evaluating the 

effectiveness of smart classroom interventions 

through controlled or quasi-experimental 

approaches with pre-test and post-test designs 

(Beltran Sierra et al., 2022; Safadel, 2023; 

Klingenberg, 2023; Ye & Lu, 2024; 

Ngendabanga, Nsanzimanac, & Nkurunziza, 

2022; Liu & Wang, 2023; Yu, Son, & Kim, 2024; 

Cheng & Yang, 2023). These studies commonly 
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employ statistical analyses such as t-tests, 

ANOVA, and effect size calculations to measure 

outcomes such as learning performance, skill 

acquisition, and student engagement. 

Quantitative survey-based studies also constitute 

a significant portion of the literature (n = 5), often 

examining relationships between variables using 

correlation analysis, structural equation modeling, 

or multilevel analysis (Lu et al., 2021; Mantooth, 

Usher, & Love, 2021; Hu, Huang, & Kong, 2022; 

Wang et al., 2022; Yu et al., 2022). Case study and 

design & development (R&D) approaches are 

also present (n = 4), focusing on construction 

paths, implementation practices, and module 

validation (Jiang, 2024; Tao, Wang, & Chen, 

2024; Rattanakha, Chatwattana, & 

Piriyasurawong, 2025; Setiyawan & Syamsuddin 

Nurul Iman, 2026). Mixed-method approaches 

are less frequently used (n = 2), although they 

provide valuable insights by combining statistical 

analysis with qualitative interpretation (Meng et 

al., 2023; Dai et al., 2023). Theoretical and 

conceptual studies are represented by two articles 

(Zhou & Wu, 2024; Cheng et al., 2024). This 

methodological pattern suggests that the current 

body of literature is heavily oriented towards 

measuring intervention effectiveness and 

quantitative outcomes, with relatively limited 

attention given to in-depth exploration of 

implementation processes, teacher perceptions, 

and contextual factors. 

3.1.4 Context and Targeted Group 

Distribution 

In terms of context and targeted group, the 

findings reveal that the majority of studies were 

conducted in university or general higher 

education settings (n = 8) (Beltran Sierra et al., 

2022; Safadel, 2023; Klingenberg, 2023; Lu et al., 

2021; Liu & Wang, 2023; Dai et al., 2023; Hu, 

Huang, & Kong, 2022; Yu et al., 2022), followed 

by higher vocational education contexts (n = 5) 

(Jiang, 2024; Zhou & Wu, 2024; Ye & Lu, 2024; 

Meng et al., 2023; Wang et al., 2022). Vocational 

secondary education is represented by three 

studies (Ngendabanga, Nsanzimanac, & 

Nkurunziza, 2022; Setiyawan & Syamsuddin 

Nurul Iman, 2026; Cheng & Yang, 2023). 

Automotive and engineering-specific studies are 

limited to four articles (Beltran Sierra et al., 2022; 

Tao, Wang, & Chen, 2024; Yu, Son, & Kim, 2024; 

Setiyawan & Syamsuddin Nurul Iman, 2026). 

Non-automotive vocational contexts, including 

nursing, economics, finance, and chemistry, are 

represented by five studies (Jiang, 2024; Zhou & 

Wu, 2024; Meng et al., 2023; Ngendabanga, 

Nsanzimanac, & Nkurunziza, 2022). Notably, no 

studies were identified that specifically target 

automotive maintenance training at Beijing 

Changping Vocational School. This represents a 

significant gap in the literature, as the specific 

institutional context, curriculum alignment, and 

stakeholder perceptions at this particular 

vocational school remain unexamined. 

3.1.5 Theoretical Framework Distribution 

In terms of theoretical frameworks, the findings 

reveal that the majority of studies do not explicitly 

state a theoretical basis (n = 11) (Beltran Sierra et 

al., 2022; Safadel, 2023; Klingenberg, 2023; Jiang, 

2024; Zhou & Wu, 2024; Tao, Wang, & Chen, 

2024; Ye & Lu, 2024; Rattanakha, Chatwattana, 

& Piriyasurawong, 2025; Ngendabanga, 

Nsanzimanac, & Nkurunziza, 2022; Meng et al., 

2023; Setiyawan & Syamsuddin Nurul Iman, 

2026). This suggests that much of the smart 

classroom literature is empirically driven rather 

than theoretically grounded. Among studies that 

do employ theoretical frameworks, constructivist 

learning theory is the most frequently cited (n = 

3) (Liu & Wang, 2023; Dai et al., 2023; Cheng & 

Yang, 2023). The Community of Inquiry (CoI) 

framework is used in one study (Hu, Huang, & 

Kong, 2022). Project-Based Learning (PBL) and 

blended learning theory are also represented (Dai 

et al., 2023; Meng et al., 2023). Self-

Determination Theory (SDT) is notably absent 

from the reviewed studies, indicating a gap in 

motivational frameworks for understanding 

smart classroom effectiveness. 

3.1.6 Research Design Characteristics 

Distribution 

In terms of research design characteristics, pre-

test/post-test with control group designs are 

most common (n = 6) (Beltran Sierra et al., 2022; 

Ye & Lu, 2024; Ngendabanga, Nsanzimanac, & 
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Nkurunziza, 2022; Liu & Wang, 2023; Cheng & 

Yang, 2023; Yu, Son, & Kim, 2024). Pre-

test/post-test without control group designs are 

also present (n = 3) (Safadel, 2023; Klingenberg, 

2023; Setiyawan & Syamsuddin Nurul Iman, 

2026). Cross-sectional and correlational designs 

are represented by four studies (Lu et al., 2021; 

Mantooth, Usher, & Love, 2021; Hu, Huang, & 

Kong, 2022; Yu et al., 2022). Case study designs 

are used in three studies (Tao, Wang, & Chen, 

2024; Wang et al., 2022; Jiang, 2024). Mixed 

methods designs are least common (n = 2) (Meng 

et al., 2023; Dai et al., 2023). Overall, the 

distribution of studies reflects a rapidly 

developing research field that is increasingly 

global, methodologically diverse, and strongly 

influenced by technological innovation, yet still 

presents significant opportunities for further 

exploration, particularly in relation to automotive 

maintenance training, specific institutional 

contexts such as Beijing Changping Vocational 

School, and the integration of teaching quality as 

a mediating variable. 

3.2 Dominant Pedagogical Approaches in 

Smart Classroom Implementation 

3.2.1 Smart Classroom Platforms 

Smart classroom platforms emerge as one of the 

most frequently adopted technological 

approaches in smart classroom research, 

particularly in studies that emphasize interactive 

learning, real-time feedback, and data-driven 

instruction (Ye & Lu, 2024; Yu et al., 2022; Lu et 

al., 2021; Wang et al., 2022). Within the reviewed 

studies, smart classroom platforms are commonly 

understood as integrated learning environments 

that incorporate interactive displays, IoT devices, 

learning analytics systems, and cloud-based 

platforms. In vocational education contexts, 

smart classroom platforms are often combined 

with student-centered pedagogies to create 

learning environments that support interaction, 

engagement, and skill development. A key 

characteristic of smart classroom platforms in 

vocational education is their focus on supporting 

teaching quality and learning quality. Studies 

consistently show that smart classroom platforms 

enhance teacher-student interaction (+67%), 

student-student collaboration (+82%), and 

engagement (behavioral +54%, emotional +61%, 

cognitive +48%) compared to traditional 

classrooms (Yu et al., 2022). The SEEWO smart 

classroom platform, examined in one quasi-

experimental study, significantly improved 

cognitive outcomes (exam scores +15.3%), 

behavioral outcomes (participation +42%), and 

affective outcomes (student satisfaction +38%), 

with effects being stronger for low-performing 

students (Ye & Lu, 2024). The literature also 

shows that smart classroom platforms contribute 

significantly to the development of higher-order 

thinking skills (HOTS). Key influencing factors 

for HOTS in smart classrooms include 

interaction quality (β=0.42), real-time feedback 

(β=0.38), and resource accessibility (β=0.31), 

which collectively explain 67% of variance in 

HOTS development (Lu et al., 2021). 

3.2.2 Virtual Simulation Laboratories 

Virtual simulation laboratories are identified as an 

important pedagogical approach in smart 

classroom-based vocational education, 

particularly in studies examining practice-based 

learning and skill development (Jiang, 2024; Zhou 

& Wu, 2024; Meng et al., 2023). Virtual 

simulation laboratories provide risk-free, 

repeatable practice environments that are 

particularly valuable for procedural skills 

requiring repetition and safety considerations. 

One construction and practice study found that 

virtual simulation laboratories are effective for 

practice-based learning, with success depending 

on integration of theoretical instruction with 

simulation activities (Jiang, 2024). Four critical 

success factors were identified: infrastructure, 

teacher training, curriculum alignment, and 

assessment methods. Another conceptual study 

found that virtual simulation training bases 

improve vocational learning quality but face 

significant constraints, including high 

infrastructure costs (average ¥967-656 million), 

lack of qualified technical staff, and insufficient 

curriculum integration (Zhou & Wu, 2024). A 

mixed-methods study examining blended 

teaching with virtual simulation in nursing 

education found significant improvements in 
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practical clinical skills (post-test score +28.6%, 

p<0.001), with students reporting high 

satisfaction (mean=4.35/5.00) (Meng et al., 

2023). The study noted that virtual simulation 

was most effective for procedural skills requiring 

repetition and risk-free practice environments. 

3.2.3 Digital Twin Technology 

Digital twin technology has emerged as an 

innovative approach in smart classroom-based 

vocational education, offering real-time 

monitoring, simulation, and training capabilities 

(Tao, Wang, & Chen, 2024; Yu, Son, & Kim, 

2024). Digital twin technology creates virtual 

replicas of physical systems, enabling students to 

practice diagnostic and repair procedures in safe, 

controlled environments. One case study 

examining digital twin technology for campus 

management found that it improves efficiency of 

practical facility management in vocational 

campuses by 28%, enabling real-time monitoring 

of equipment status, predictive maintenance 

scheduling, and resource optimization (Tao, 

Wang, & Chen, 2024). The study noted that 

digital twin technology is applicable to 

automotive workshop management. An 

experimental study examining VR equipment-

based automotive maintenance training found 

that students using VR completed tasks 32% 

faster with 45% fewer errors compared to 

traditional training (Yu, Son, & Kim, 2024). 

Formative assessment embedded in VR identified 

specific skill gaps in electrical diagnosis and 

mechanical assembly, and the approach was most 

effective for high-risk or expensive-to-repair 

procedures. 

3.2.4 Blended Teaching and Scene Teaching 

Blended teaching, combining face-to-face 

instruction with digital learning resources, and 

scene teaching, using contextualized scenario-

based instruction, are also identified as effective 

pedagogical approaches in smart classroom 

environments (Meng et al., 2023; Liu & Wang, 

2023). Blended teaching with virtual simulation 

significantly improved practical clinical skills, 

while scene teaching in smart classrooms 

significantly improved learning performance 

(immediate test +22.4%, delayed test +18.7%, 

both p<0.01), with knowledge transfer to novel 

situations improving by 31% compared to 

traditional instruction (Liu & Wang, 2023). 

3.2.5 Cooperative and Collaborative 

Learning 

Cooperative and collaborative learning 

approaches are supported by smart classroom 

technologies, with one study finding that smart 

classroom-supported PBL increased student 

interaction (+58%) and collaboration (+71%) 

(Dai et al., 2023). Video interaction analysis 

revealed three distinct collaboration patterns: 

leader-follower (42% of groups), egalitarian 

(35%), and passive (23%). Egalitarian groups 

produced the highest quality projects (mean score 

88.5 vs 76.2 for leader-follower). Another study 

examining virtual smart classrooms with 

cooperative PBL found "very good" outcomes 

for analytical thinking (mean=7.23/9.00) and 

curiosity (mean=10.43/12.00), with student 

satisfaction rated "very good" (mean=4.52/5.00) 

(Rattanakha, Chatwattana, & Piriyasurawong, 

2025). 

3.2.6 STEM-Based Digital Modules 

STEM-based digital modules represent an 

emerging pedagogical approach in vocational 

automotive education (Setiyawan & Syamsuddin 

Nurul Iman, 2026). One R&D study developing 

a STEM-based digital learning module for Anti-

lock Braking Systems (ABS) found that the 

module was validated as "very feasible" (media 

expert 89.5%, material expert 88.9%), with 

student response 84% "very feasible". Learning 

outcomes increased significantly (N-Gain = 58% 

/ medium category), and practical skills in ABS 

diagnosis and repair improved 42%. 

3.3 Teaching Quality Outcomes of Smart 

Classroom Implementation 

3.3.1 Teaching Quality Indicators 

Teaching quality emerges as a critical outcome 

variable in smart classroom research, 

encompassing instructional effectiveness, 

teacher-student interaction, feedback quality, and 

classroom management (Wang et al., 2022; Yu et 

al., 2022; Hu, Huang, & Kong, 2022). The 

reviewed studies consistently demonstrate that 
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smart classrooms enhance teaching quality 

through improved interaction patterns, real-time 

feedback mechanisms, and data-informed 

instructional decisions. A multilevel analysis 

study examining teacher beliefs and classroom 

process quality found that teacher beliefs 

significantly predict classroom process quality 

(β=0.54, p<0.01), which in turn predicts student 

engagement (β=0.61, p<0.001) (Wang et al., 

2022). Constructivist teacher beliefs had stronger 

positive effects on all three engagement types 

(behavioral, emotional, cognitive). The study also 

found that professional development focused on 

pedagogical beliefs was more effective than 

technology training alone. A comparative study 

examining smart versus traditional classrooms 

found that smart classrooms produce 

significantly higher teacher-student interaction 

(+67%) and student-student collaboration 

(+82%) (Yu et al., 2022). These interaction 

patterns were associated with higher levels of 

behavioral engagement (+54%), emotional 

engagement (+61%), and cognitive engagement 

(+48%). 

3.3.2 Community of Inquiry Framework 

The Community of Inquiry (CoI) framework, 

which conceptualizes teaching presence, social 

presence, and cognitive presence, provides a 

useful lens for understanding teaching quality in 

smart classrooms (Hu, Huang, & Kong, 2022). 

One quantitative survey study found that positive 

perceptions of smart classrooms correlate with 

higher teaching presence (β=0.52), social 

presence (β=0.48), and cognitive presence 

(β=0.44). Smart classroom students reported 

significantly higher scores on all three CoI 

presences compared to traditional classroom 

students (all p<0.001). 

3.3.3 Teaching Quality as Mediator 

An important finding from the literature 

concerns the mediating role of teaching quality 

between smart classroom technology and 

learning outcomes (Cheng & Yang, 2023). One 

experimental study examining smart classrooms 

combined with student-centered pedagogies 

found that smart classroom technology alone 

without pedagogical change showed minimal 

impact (effect size d=0.12), while smart 

classroom combined with student-centered 

pedagogies significantly improved learning 

outcomes (Cheng & Yang, 2023). Inquiry-based 

pedagogy outperformed direct instruction for 

long-term retention (+28%) and skill application 

(+35%). Pedagogy type and duration were 

significant moderators, with effects being 

stronger for longer duration courses (>8 weeks). 

This finding highlights that teaching quality, 

particularly the pedagogical approach used in 

conjunction with smart classroom technology, is 

a critical mediator of learning outcomes. 

Technology alone is insufficient; effective 

implementation requires alignment between 

technology, pedagogy, and curriculum objectives. 

3.4 Learning Quality Outcomes of Smart 

Classroom Implementation 

3.4.1 Cognitive Outcomes 

Cognitive outcomes, including knowledge 

acquisition, conceptual understanding, and exam 

scores, emerge as the most frequently measured 

learning quality outcomes across the reviewed 

studies (Ye & Lu, 2024; Liu & Wang, 2023; 

Ngendabanga, Nsanzimanac, & Nkurunziza, 

2022). The findings consistently demonstrate that 

smart classrooms significantly improve cognitive 

outcomes compared to traditional instruction. 

One quasi-experimental study found that smart 

classrooms improved exam scores by 15.3% 

(p<0.01), with effects being stronger for low-

performing students (Ye & Lu, 2024). Another 

experimental study found that scene teaching in 

smart classrooms improved immediate test 

performance by 22.4% and delayed test 

performance by 18.7% (both p<0.01), with 

knowledge transfer to novel situations improving 

by 31% (Liu & Wang, 2023). A quasi-

experimental study in Rwanda found that smart 

classrooms had a significant positive effect on 

chemistry learning performance (mean difference 

= 24.5%, p<0.001, Cohen's d = 1.12), with higher 

knowledge retention after 4 weeks (+31%) and 

higher motivation levels (+45%) (Ngendabanga, 

Nsanzimanac, & Nkurunziza, 2022). 

3.4.2 Psychomotor and Technical Skills 
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Psychomotor and technical skills development is 

a critical but less frequently measured outcome in 

smart classroom research (Yu, Son, & Kim, 2024; 

Setiyawan & Syamsuddin Nurul Iman, 2026; 

Meng et al., 2023). The findings indicate that 

smart classrooms, particularly those 

incorporating VR, simulation, and digital 

modules, can significantly improve practical 

skills. One experimental study found that VR-

based automotive maintenance training improved 

task completion speed by 32% and reduced errors 

by 45% compared to traditional training (Yu, Son, 

& Kim, 2024). Another R&D study found that a 

STEM-based digital module for ABS improved 

practical skills in diagnosis and repair by 42% 

(Setiyawan & Syamsuddin Nurul Iman, 2026). A 

mixed-methods study found that blended 

teaching with virtual simulation improved 

practical clinical skills by 28.6% (p<0.001) (Meng 

et al., 2023). 

3.4.3 Affective Outcomes 

Affective outcomes, including motivation, 

engagement, satisfaction, and self-efficacy, are 

also well-represented in the literature (Ye & Lu, 

2024; Mantooth, Usher, & Love, 2021; 

Rattanakha, Chatwattana, & Piriyasurawong, 

2025). One study found that smart classrooms 

improved student satisfaction by 38% (Ye & Lu, 

2024). Another study found that supportive 

classroom environments significantly increase 

self-efficacy (β=0.47, p<0.001) and academic 

achievement (β=0.38, p<0.001), with self-

efficacy mediating 41% of the relationship 

between classroom environment and 

achievement (Mantooth, Usher, & Love, 2021). A 

pre-experimental study found that virtual smart 

classrooms with cooperative PBL produced 

student satisfaction rated "very good" 

(mean=4.52/5.00) (Rattanakha, Chatwattana, & 

Piriyasurawong, 2025). 

3.4.4 Behavioral Outcomes 

Behavioral outcomes, including participation 

frequency, time-on-task, and collaboration 

behavior, are also positively influenced by smart 

classrooms (Ye & Lu, 2024; Dai et al., 2023). One 

study found that smart classrooms improved 

participation by 42% (Ye & Lu, 2024). Another 

study found that smart classroom-supported PBL 

increased student interaction by 58% and 

collaboration by 71% (Dai et al., 2023). 

3.4.5 Learning Efficiency 

Learning efficiency, including time to complete 

tasks and error reduction, is an emerging 

outcome measure in smart classroom research 

(Yu, Son, & Kim, 2024). One study found that 

VR-based training reduced task completion time 

by 32% and reduced errors by 45% (Yu, Son, & 

Kim, 2024). Another study found that blended 

teaching with virtual simulation improved 

learning efficiency through reduced resource 

utilization and repetition opportunities (Meng et 

al., 2023). 

3.5 Stakeholder Perceptions of Smart 

Classrooms 

3.5.1 Student Perceptions and Satisfaction 

Student perceptions and satisfaction emerge as 

important variables for understanding smart 

classroom effectiveness (Ye & Lu, 2024; 

Rattanakha, Chatwattana, & Piriyasurawong, 

2025; Meng et al., 2023). The reviewed studies 

consistently show that students report positive 

perceptions of smart classrooms, with high levels 

of satisfaction and perceived usefulness. One 

study found that student satisfaction with smart 

classrooms was 38% higher than with traditional 

classrooms (Ye & Lu, 2024). Another study 

found that student satisfaction with virtual smart 

classrooms was rated "very good" 

(mean=4.52/5.00) (Rattanakha, Chatwattana, & 

Piriyasurawong, 2025). A mixed-methods study 

found that nursing students reported high 

satisfaction with blended teaching and virtual 

simulation (mean=4.35/5.00) (Meng et al., 2023). 

The R&D study on STEM-based digital modules 

found that student response was 84% "very 

feasible" (Setiyawan & Syamsuddin Nurul Iman, 

2026). The Community of Inquiry study found 

that positive perceptions of smart classrooms 

correlate with higher teaching presence (β=0.52), 

social presence (β=0.48), and cognitive presence 

(β=0.44) (Hu, Huang, & Kong, 2022). Smart 

classroom students reported significantly higher 

scores on all three CoI presences compared to 

traditional classroom students (all p<0.001). 
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3.5.2 Teacher Perceptions and Readiness 

Teacher perceptions and readiness are less 

frequently examined but are critical for successful 

smart classroom implementation (Wang et al., 

2022). One multilevel analysis study found that 

teacher beliefs significantly predict classroom 

process quality (β=0.54, p<0.01), which in turn 

predicts student engagement (β=0.61, p<0.001) 

(Wang et al., 2022). Constructivist teacher beliefs 

had stronger positive effects on all three 

engagement types. The study also found that 

professional development focused on 

pedagogical beliefs was more effective than 

technology training alone. 

3.5.3 Technology Acceptance 

Technology acceptance, including perceived 

usefulness and perceived ease of use, is an 

important determinant of smart classroom 

adoption and effective use (Beltran Sierra et al., 

2022; Safadel, 2023). The virtual learning 

platform study found that students perceived 

Second Life as useful and easy to use for 

engineering distance learning (Beltran Sierra et al., 

2022). The VR study found that students 

perceived computer-generated VR as effective 

for spatial framework understanding (Safadel, 

2023). 

4. Result and Discussion 

4.1 Interpretation of Key Findings 

The findings of this review reveal a clear and 

consistent pattern in the current development of 

smart classroom research in vocational education, 

particularly in relation to pedagogical approaches, 

teaching quality, learning quality, and stakeholder 

perceptions. Three dominant trends emerge: (1) 

the strong prevalence of smart classroom 

platforms, virtual simulation laboratories, and 

digital twin technology as technological 

approaches; (2) the consistent effectiveness of 

smart classrooms in enhancing cognitive 

outcomes, psychomotor skills, and affective 

outcomes; and (3) the limited integration of 

teaching quality as a mediating variable, 

particularly in automotive maintenance training 

contexts, and the complete absence of studies 

targeting Beijing Changping Vocational School. 

These patterns reflect not only how smart 

classrooms are currently implemented but also 

underlying assumptions about technology, 

pedagogy, and educational priorities in vocational 

education contexts. 

First, the dominance of smart classroom 

platforms (D5), virtual simulation laboratories 

(D2), and digital twin technology (D3) as 

pedagogical approaches indicates that smart 

classroom-based vocational education is strongly 

oriented toward technology-driven, interactive, 

and simulation-based pedagogies. Across the 

reviewed studies, smart classroom platforms are 

consistently employed to enhance interaction, 

engagement, and learning outcomes (Ye & Lu, 

2024; Yu et al., 2022; Lu et al., 2021). Virtual 

simulation laboratories are widely used to provide 

risk-free, repeatable practice environments for 

procedural skills (Jiang, 2024; Zhou & Wu, 2024; 

Meng et al., 2023). Digital twin technology is 

employed to enable real-time monitoring, 

predictive maintenance, and resource 

optimization in vocational campuses (Tao, Wang, 

& Chen, 2024; Yu, Son, & Kim, 2024). These 

approaches align with constructivist learning 

theory (C1) and blended learning theory (C5), 

which emphasize that meaningful learning occurs 

through active engagement, authentic tasks, and 

integration of theory with practice. 

At the same time, the widespread use of 

technology-enhanced learning approaches, 

including VR-based learning (D1), AI-powered 

systems (F5), and virtual learning platforms (F7), 

reflects the increasing influence of digital 

transformation in vocational education. As 

shown in Appendix 1, smart classroom platforms 

(D5) and virtual simulation laboratories (D2) are 

among the most frequently adopted learning 

models. This strong orientation toward 

technology can be explained by broader 

educational and industrial trends. Vocational 

education has been increasingly expected to 

develop not only technical skills but also digital 

competence, problem-solving abilities, and 

adaptability to Industry 4.0 requirements (Chen et 

al., 2024; Liu & Hardy, 2023). As a result, many 

studies prioritize measurable cognitive and 

psychomotor outcomes (G1, G2), often using 
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experimental or quasi-experimental designs to 

assess the effectiveness of smart classroom 

interventions (Beltran Sierra et al., 2022; Ye & Lu, 

2024; Ngendabanga et al., 2022). Furthermore, 

the rapid advancement of digital tools has 

positioned technology as a central enabler of 

educational innovation, making it a dominant 

component in smart classroom implementation. 

However, this emphasis also suggests a tendency 

to equate innovation primarily with technological 

advancement, potentially narrowing the broader 

educational scope of vocational education. 

Second, despite being a core component of 

effective education, teaching quality has received 

inconsistent attention across the reviewed 

studies. While some studies explicitly examine 

teaching quality indicators such as teacher-

student interaction, feedback quality, and 

classroom process quality (Wang et al., 2022; Yu 

et al., 2022; Hu, Huang, & Kong, 2022), many 

studies focus primarily on technological 

outcomes or learning outcomes without 

examining the mediating role of teaching quality. 

The findings indicate that teacher beliefs 

significantly predict classroom process quality 

(β=0.54, p<0.01), which in turn predicts student 

engagement (β=0.61, p<0.001) (Wang et al., 

2022). Constructivist teacher beliefs had stronger 

positive effects on all three engagement types. 

Professional development focused on 

pedagogical beliefs was more effective than 

technology training alone. Smart classrooms 

produce significantly higher teacher-student 

interaction (+67%) and student-student 

collaboration (+82%) compared to traditional 

classrooms (Yu et al., 2022). 

However, the findings also reveal that teaching 

quality as a mediating variable (E1) is less 

frequently measured compared to learning 

outcomes (E2) and student engagement (E3). 

This pattern is reflected in the measured 

outcomes, where cognitive outcomes (G1) and 

affective outcomes (G3) are among the most 

frequently measured, while teaching quality 

indicators are often treated as contextual variables 

rather than primary outcomes or mediators. The 

limited attention to teaching quality as a mediator 

represents a gap in the literature, as understanding 

how teaching quality mediates the relationship 

between smart classroom technology and 

learning outcomes is essential for designing 

effective smart classroom implementations. 

Third, and most critically for this review, the 

findings highlight that automotive maintenance 

training remains minimally represented across the 

reviewed studies. Although some research 

incorporates automotive or engineering contexts 

(Beltran Sierra et al., 2022; Tao, Wang, & Chen, 

2024; Yu, Son, & Kim, 2024; Setiyawan & 

Syamsuddin Nurul Iman, 2026), these instances 

are relatively scarce compared to the number of 

studies focusing on general vocational education 

or non-automotive contexts. The coding results 

clearly identify "limited to non-automotive 

context" (I7) as a major gap in the literature. Even 

when automotive contexts are studied, they often 

focus on general engineering principles or 

campus management rather than specific 

automotive maintenance training programs. This 

imbalance is particularly pronounced for specific 

institutional contexts such as Beijing Changping 

Vocational School, with no studies identified that 

specifically target this institution. 

Several factors may explain this limited 

integration. One key reason is the dominance of 

general vocational education research paradigms 

in smart classroom literature, which prioritize 

measurable outcomes such as exam scores and 

satisfaction over trade-specific technical skills. 

Automotive maintenance skill development, by 

contrast, often requires specialized equipment, 

longer intervention periods, more complex 

measurement protocols, and industry 

partnerships for skill assessment. Additionally, 

the lack of established smart classroom models 

that explicitly integrate automotive-specific 

technical skill development further contributes to 

the marginalization of automotive maintenance 

training outcomes. Another contributing factor is 

the perception of technology and pedagogy as 

separate from trade-specific content. In many 

vocational education contexts, smart classroom 

technology and teaching quality are treated as 

distinct from technical skill development, rather 

than as interconnected processes that mutually 

influence each other. This separation limits 
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opportunities to understand how smart 

classroom-induced teaching quality gains 

translate into automotive-specific skill 

acquisition. 

Another critical gap identified in this review is the 

complete absence of studies specifically targeting 

Beijing Changping Vocational School as a 

research context. Despite the growing 

implementation of smart classrooms in Chinese 

vocational schools, no studies in the reviewed 

literature examine how smart classrooms 

influence teaching and learning quality at this 

specific institution. Beijing Changping Vocational 

School may possess unique contextual 

characteristics, including specific curriculum 

frameworks, student demographics, teacher 

readiness levels, and industry partnerships, that 

influence smart classroom implementation 

effectiveness. This gap highlights the novelty and 

importance of the current study. 

Taken together, these findings suggest that 

current smart classroom research in vocational 

education is characterized by strong technological 

outcomes but limited integration of teaching 

quality as a mediating variable and specific 

institutional contexts such as automotive 

maintenance training at Beijing Changping 

Vocational School. While smart classroom 

platforms, virtual simulation laboratories, and 

digital twin technology have successfully 

transformed vocational education into more 

interactive and engaging environments, the 

development of trade-specific technical skills and 

attention to unique institutional contexts remain 

underdeveloped. This imbalance indicates a gap 

between the theoretical vision of smart 

classrooms as holistic frameworks for promoting 

both teaching quality and learning quality and 

their practical implementation. Addressing this 

gap requires not only the inclusion of 

automotive-specific outcomes but also a 

reconceptualization of smart classroom research 

as context-sensitive and teaching quality-focused. 

4.2 Alignment with Existing Literature 

The findings of this review are largely consistent 

with existing literature on smart classrooms and 

educational technology in vocational education, 

particularly in highlighting the effectiveness of 

smart classrooms in enhancing cognitive 

outcomes, psychomotor skills, and affective 

outcomes. However, the present study also 

extends prior research by providing a more 

focused synthesis on the intersection between 

smart classrooms, teaching quality, and specific 

vocational contexts such as automotive 

maintenance training. First, the strong emphasis 

on smart classroom platforms, virtual simulation 

laboratories, and digital twin technology observed 

in this review aligns with a substantial body of 

literature that positions smart classrooms as 

advanced learning environments that integrate 

educational technology, pedagogy, and data 

analytics (Kwet & Prinsloo, 2020; Saini & Goel, 

2020; Cebrián, Palau, & Mogas, 2020). Previous 

studies have consistently highlighted the role of 

interactive technologies, real-time feedback, and 

personalized learning pathways in promoting 

student engagement and achievement (Lorenzo 

et al., 2021; Xing & Zeng, 2025). The current 

findings reinforce these perspectives by 

demonstrating that smart classroom platforms 

effectively support interaction, engagement, and 

learning outcomes when integrated with student-

centered pedagogies (Ye & Lu, 2024; Yu et al., 

2022; Cheng & Yang, 2023). 

Second, the findings regarding virtual simulation 

laboratories and digital twin technology are also 

in line with previous research, which has 

recognized the value of simulation-based learning 

and digital twins for technical and vocational 

education (Karanam & Hartman, 2025; Reyes et 

al., 2024). The present review confirms that 

virtual simulation laboratories effectively support 

practice-based learning when integrated with 

theoretical instruction (Jiang, 2024; Meng et al., 

2023), and that digital twin technology improves 

efficiency of practical facility management in 

vocational campuses (Tao, Wang, & Chen, 2024). 

However, the review also reveals that these 

technologies have been predominantly studied in 

non-automotive contexts (nursing, economics, 

chemistry), with limited application to 

automotive maintenance training. This extends 

existing literature by identifying a specific gap in 
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smart classroom research for automotive 

vocational education. 

Third, the limited integration of teaching quality 

as a mediating variable identified in this study is 

partially supported by existing literature in 

educational technology and vocational education. 

Prior research has emphasized the importance of 

linking technological implementation with 

pedagogical quality (Cheng & Yang, 2023; Wang 

et al., 2022). However, studies specifically 

examining the mediating role of teaching quality 

between smart classroom technology and 

learning outcomes remain scarce. A systematic 

review by Alfoudari, Durugbo, and Aldhmour 

(2021) highlights the socio-technological 

challenges of smart classrooms but does not 

demonstrate strong integration of teaching 

quality as a mediator. Similarly, research on smart 

classrooms in vocational education 

predominantly focuses on learning outcomes and 

student engagement, with limited attention to 

how teaching quality mediates these effects (Ye & 

Lu, 2024; Lu et al., 2021). 

At the same time, the current findings also reveal 

some important divergences from existing 

literature. While previous studies often discuss 

smart classrooms as universally effective for 

enhancing learning outcomes, the empirical 

evidence presented in this review suggests that 

effectiveness depends heavily on how smart 

classroom technologies are integrated with 

pedagogical approaches. In particular, the finding 

that smart classroom technology alone without 

pedagogical change showed minimal impact 

(effect size d=0.12), while smart classroom 

combined with student-centered pedagogies 

significantly improved learning outcomes (Cheng 

& Yang, 2023), indicates that technology is not 

inherently beneficial but must be carefully 

integrated with effective teaching practices. 

Furthermore, this review extends existing 

literature by explicitly identifying automotive 

maintenance training and Beijing Changping 

Vocational School as underexplored contexts 

within smart classroom research. While previous 

research has acknowledged individual differences 

in institutional contexts (Alfoudari, Durugbo, & 

Aldhmour, 2021), it has rarely positioned specific 

vocational schools as distinct contexts requiring 

tailored implementation strategies. 

4.3 Theoretical Implications 

The findings of this review contribute to the 

ongoing theoretical development of smart 

classroom research in vocational education by 

highlighting the need to move beyond a 

predominantly technology-focused perspective 

toward a more integrated framework that 

encompasses teaching quality as a mediating 

variable, trade-specific skill development, and 

context-sensitive implementation. While smart 

classrooms have been widely conceptualized as 

technologically advanced learning environments 

that incorporate digital tools, interactive systems, 

and data analytics (Kwet & Prinsloo, 2020; Saini 

& Goel, 2020), the current body of literature 

suggests that this framework has been 

predominantly applied to technological and 

learning outcomes, with limited attention to how 

teaching quality mediates the relationship 

between smart classroom technology and 

learning outcomes. 

From a theoretical standpoint, smart classroom 

implementation is often framed within the 

context of technology-enhanced learning, where 

interactive displays, IoT devices, and learning 

analytics systems support student engagement 

and achievement (Lorenzo et al., 2021; Xing & 

Zeng, 2025). The dominance of cognitive 

outcomes (G1), psychomotor skills (G2), and 

affective outcomes (G3) as measured outcomes 

identified in this review reinforces this 

perspective, as these outcomes are the primary 

focus of smart classroom research. However, the 

findings indicate that such frameworks primarily 

address technological and learning outcomes, 

rather than how teaching quality mediates the 

relationship between technology and learning. In 

other words, the emphasis remains on what 

technology does rather than on how teachers use 

technology to enhance learning. 

This limitation points to a conceptual gap in the 

current understanding of smart classrooms in 

vocational education. While smart classroom 

frameworks provide robust models for 

understanding how technology can support 
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learning, they do not inherently explain how 

teaching quality mediates the effects of 

technology on learning outcomes. The finding 

that teacher beliefs significantly predict classroom 

process quality, which in turn predicts student 

engagement (Wang et al., 2022), suggests that 

teaching quality is a critical mediating variable. 

However, this mediating role remains 

undertheorized within smart classroom research. 

This observation aligns with broader critiques in 

educational technology research that emphasize 

the importance of integrating pedagogical and 

technological perspectives (Mishra & Koehler, 

2006). The present study therefore suggests the 

need to reconceptualize smart classroom research 

as not only a technological framework but also a 

teaching quality framework. In this expanded 

view, smart classroom technologies should be 

designed not only to support interaction and 

engagement but also to enhance teaching quality 

through improved feedback mechanisms, 

instructional clarity, and classroom process 

quality. 

Another important theoretical implication 

concerns the role of context in smart classroom 

effectiveness. While smart classroom research 

recognizes that different educational contexts 

have different characteristics, the reviewed 

studies rarely examined how specific institutional 

characteristics, such as those of Beijing 

Changping Vocational School, moderate the 

effects of smart classroom implementation. 

Vocational schools may possess unique 

contextual characteristics, including specific 

curriculum frameworks, student demographics, 

teacher readiness levels, industry partnerships, 

and resource constraints. These characteristics 

may influence how smart classrooms are 

implemented and how effective they are for 

improving teaching and learning quality. This 

perspective aligns with socio-cultural theories of 

learning, which emphasize that learning is 

situated within specific institutional and cultural 

contexts. Incorporating institutional context 

characteristics into smart classroom research can 

therefore enrich theoretical understanding of 

how contextual factors shape smart classroom 

effectiveness. 

Furthermore, the finding that technical skills 

development (G2) is enhanced by VR-based 

training and digital modules (Yu, Son, & Kim, 

2024; Setiyawan & Syamsuddin Nurul Iman, 

2026) has important theoretical implications for 

smart classroom research in automotive 

vocational education. For automotive 

maintenance training that requires precise, 

repeatable, and technically complex procedures, 

structured practice with clear goals, immediate 

feedback, and progressive challenges may be 

more effective than open-ended exploration. 

Smart classroom technologies such as VR, digital 

twin, and simulation software can support 

technical skill development by providing 

structure, clear criteria, and motivation for 

sustained practice. This suggests that smart 

classroom research for automotive vocational 

education should emphasize competence-

supporting features that provide clear evidence of 

skill improvement, rather than only engagement-

supporting features that may be more appropriate 

for general education contexts. 

4.4 Practical Implications 

The findings of this study offer several important 

implications for educational practice, particularly 

in relation to smart classroom implementation 

strategies, teaching quality enhancement, and 

curriculum design for automotive maintenance 

training at Beijing Changping Vocational School. 

These implications highlight the need to move 

beyond a predominantly technology-focused 

approach toward a more balanced and teaching 

quality-sensitive implementation of smart 

classrooms that integrates both technological and 

pedagogical considerations. First, at the level of 

classroom practice, automotive maintenance 

teachers play a crucial role in facilitating the 

integration of smart classroom technologies into 

training programs. The results suggest that while 

smart classroom platforms, virtual simulation 

laboratories, and digital twin technology are 

effective in enhancing learning outcomes, they 

rarely incorporate automotive-specific technical 

skill development in a systematic way. Therefore, 

teachers are encouraged to design smart 

classroom activities that explicitly target 

automotive maintenance technical skills such as 
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engine diagnosis, electrical system testing, brake 

repair, and transmission service. For example, 

VR-based training can be used to simulate high-

risk or expensive-to-repair procedures, digital 

twin technology can enable real-time monitoring 

of diagnostic accuracy, and smart classroom 

platforms can provide immediate feedback on 

technical performance. By doing so, students are 

not only engaged but also develop measurable 

technical competencies. This approach can 

enhance both teaching quality and learning 

outcomes, making automotive maintenance 

training more effective and industry-relevant. 

Second, for Beijing Changping Vocational School 

specifically, administrators and curriculum 

planners should consider adapting smart 

classroom implementation strategies to align with 

the school's specific curriculum frameworks, 

student demographics, and industry partnerships. 

The school may have unique characteristics, 

including specific automotive maintenance 

curriculum standards, student skill levels, teacher 

readiness, and relationships with local automotive 

industry partners. Therefore, smart classroom 

implementation should be tailored to these 

specific characteristics rather than adopting one-

size-fits-all approaches. In addition, professional 

development for teachers should focus not only 

on technology operation but also on pedagogical 

integration, as teacher beliefs significantly predict 

classroom process quality and student 

engagement (Wang et al., 2022). Constructivist 

teacher beliefs had stronger positive effects on 

engagement, suggesting that professional 

development should emphasize student-centered 

pedagogies rather than only technology training. 

Third, at the curriculum level, there is a need to 

reconsider how smart classroom technologies are 

integrated into automotive maintenance training 

programs. Current practices often emphasize 

technological outcomes and student engagement, 

sometimes at the expense of teaching quality and 

trade-specific skill development. The findings of 

this review indicate that teaching quality (E1) is 

significantly underrepresented compared to 

learning outcomes (E2) and student engagement 

(E3). As such, curriculum designers should aim to 

create more balanced frameworks that integrate 

teaching quality as a mediating variable. This may 

involve incorporating teaching quality indicators 

into smart classroom evaluation frameworks, 

developing progressive skill mastery systems with 

clear criteria and feedback, and ensuring that 

learning objectives reflect not only technological 

engagement but also technical competency and 

teaching effectiveness. 

Fourth, the role of technology in smart 

classrooms should be reoriented to support not 

only engagement and learning outcomes but also 

teaching quality. Technologies such as learning 

analytics systems, real-time feedback tools, and 

video analysis have demonstrated strong 

potential in enhancing teaching quality (Lu et al., 

2021; Wang et al., 2022). However, as highlighted 

in the findings, their use is often limited to 

supporting student outcomes rather than 

teaching quality. Educators and instructional 

designers should therefore explore ways to use 

these technologies to provide immediate, specific, 

and actionable feedback to teachers on their 

instructional effectiveness, interaction patterns, 

and classroom process quality. Such approaches 

can bridge the gap between technology and 

teaching quality, making smart classroom 

implementation more effective for improving 

both teaching and learning. 

In addition, teacher training and professional 

development are essential to support these 

changes. Integrating smart classroom 

technologies with automotive maintenance 

training requires not only technological 

competence but also pedagogical knowledge and 

the ability to design technology-enhanced skill 

progression systems. Teachers need to be 

equipped with the knowledge and skills to 

effectively combine smart classroom 

technologies, teaching quality principles, and 

technical skill instruction in ways that are both 

engaging and educationally effective. Professional 

development programs should therefore include 

training on smart classroom technology 

operation, need-supportive teaching, and 

automotive-specific technical assessment. 

4.5 Research Gap and Future Directions 
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The findings of this review clearly indicate several 

significant gaps in the current development of 

smart classroom research in vocational education, 

particularly in relation to the integration of 

teaching quality as a mediating variable, the 

application to automotive maintenance training, 

and the targeting of specific institutional contexts 

such as Beijing Changping Vocational School. 

Although many studies have explored the 

effectiveness of smart classroom platforms, 

virtual simulation laboratories, and digital twin 

technology in enhancing cognitive outcomes, 

psychomotor skills, and affective outcomes, the 

inclusion of teaching quality as a mediating 

variable remains limited. In most cases, smart 

classroom research is primarily oriented toward 

technological and learning outcomes, while 

teaching quality is not systematically integrated as 

a mediator. This gap is also reflected in how the 

role of smart classrooms is conceptualized within 

vocational education. While smart classrooms are 

formally recognized as technological learning 

environments, they are often interpreted in terms 

of engagement, satisfaction, and learning 

outcomes, rather than as mechanisms for 

supporting teaching quality and instructional 

effectiveness. The most prominent gap identified 

in this review is the complete absence of studies 

specifically targeting automotive maintenance 

training at Beijing Changping Vocational School. 

Despite the growing implementation of smart 

classrooms in Chinese vocational schools, no 

studies in the reviewed literature examine how 

smart classrooms influence teaching and learning 

quality at this specific institution. Beijing 

Changping Vocational School may possess 

unique contextual characteristics, including 

specific curriculum frameworks, student 

demographics, teacher readiness levels, and 

industry partnerships, that influence smart 

classroom implementation effectiveness. This 

gap highlights the novelty and importance of 

future research in this specific context. 

A second significant gap is the limited focus on 

automotive maintenance training specifically. The 

majority of reviewed studies focus on general 

vocational education, non-automotive vocational 

fields (nursing, economics, finance, chemistry), or 

engineering principles (Beltran Sierra et al., 2022; 

Jiang, 2024; Zhou & Wu, 2024; Meng et al., 2023). 

Only a small number of studies examine 

automotive or mechanical contexts (Tao, Wang, 

& Chen, 2024; Yu, Son, & Kim, 2024; Setiyawan 

& Syamsuddin Nurul Iman, 2026), and none 

specifically target comprehensive automotive 

maintenance training programs with smart 

classroom interventions. This is concerning given 

that automotive maintenance has unique 

characteristics compared to other vocational 

fields, including specific safety requirements, 

expensive equipment, high-risk procedures, and 

rapid technological change driven by electric 

vehicles and intelligent systems. Smart classroom 

design for automotive maintenance may 

therefore need to emphasize different elements, 

such as risk-free simulation, diagnostic accuracy, 

and real-time feedback on technical procedures. 

A third gap is the limited integration of teaching 

quality as a mediating variable in smart classroom 

research (Wang et al., 2022; Cheng & Yang, 

2023). Many studies focus exclusively on learning 

outcomes such as exam scores and skill 

acquisition without examining how teaching 

quality mediates the relationship between smart 

classroom technology and learning outcomes (Ye 

& Lu, 2024; Ngendabanga et al., 2022; Liu & 

Wang, 2023). Conversely, studies that examine 

teaching quality often provide limited analysis of 

how it mediates learning outcomes (Wang et al., 

2022; Hu, Huang, & Kong, 2022). This 

fragmentation limits understanding of how smart 

classroom technology translates into improved 

learning outcomes through enhanced teaching 

quality. Future research should integrate teaching 

quality as a mediating variable to examine causal 

pathways. 

In light of these limitations, future research 

should focus on developing smart classroom 

implementation models that more explicitly 

integrate teaching quality as a mediating variable, 

particularly for automotive maintenance training 

at Beijing Changping Vocational School. This 

includes designing smart classroom frameworks 

that connect technological implementation with 

teaching quality enhancement, creating 

progressive skill mastery systems with clear 
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criteria and feedback, and examining how 

teaching quality mediates the relationship 

between technology and learning outcomes. Such 

integration would enable smart classroom 

implementation to become more meaningful and 

effective, particularly for automotive 

maintenance training that requires both technical 

competence and effective instruction. Another 

important direction for future research is the 

exploration of how institutional context 

characteristics moderate the effects of smart 

classroom implementation. Future studies should 

investigate how Beijing Changping Vocational 

School's specific curriculum frameworks, student 

demographics, teacher readiness levels, and 

industry partnerships influence smart classroom 

effectiveness, what types of smart classroom 

design are most effective for this context, and 

how smart classroom implementation can be 

adapted to align with institutional characteristics. 

This may involve mixed methods approaches that 

combine quantitative measures of teaching and 

learning quality with qualitative exploration of 

teacher and student experiences and perceptions. 

Furthermore, there is a need for more diverse 

research methodologies to better understand the 

role of teaching quality in smart classroom 

effectiveness. The existing literature is dominated 

by quantitative and experimental studies that 

focus on mean-level effects, which may not 

capture the complex, contextualized nature of 

teaching quality. Qualitative and mixed-method 

approaches are needed to explore how teachers 

and students experience smart classroom 

implementation, what factors enhance or inhibit 

teaching quality, and how teaching quality 

interacts with smart classroom technology to 

influence learning outcomes. Finally, future 

research should consider the importance of long-

term sustainability of teaching quality and 

learning outcomes. The majority of reviewed 

studies employ short-term interventions with 

limited follow-up assessment (Ye & Lu, 2024; Liu 

& Wang, 2023; Cheng & Yang, 2023). 

Longitudinal studies with extended intervention 

periods and follow-up measures are needed to 

assess whether teaching quality improvements 

and learning gains persist over time and whether 

smart classroom implementation leads to 

sustained improvements in automotive 

maintenance training outcomes. 

5. Conclusion 

This systematic literature review synthesizes 

recent research on smart classroom 

implementation in vocational education by 

examining the integration of smart classroom 

technologies, teaching quality, learning quality, 

and stakeholder perceptions, with particular 

attention to automotive maintenance training and 

the specific institutional context of Beijing 

Changping Vocational School. The findings show 

that smart classroom implementation is 

predominantly realized through smart classroom 

platforms, virtual simulation laboratories, and 

digital twin technology, reflecting a strong 

orientation toward technology-driven, 

interactive, and simulation-based pedagogies. 

The review consistently demonstrates that smart 

classrooms effectively enhance cognitive 

outcomes (exam scores +15.3% to +24.5%), 

psychomotor skills (task completion 32% faster 

with 45% fewer errors), and affective outcomes 

(satisfaction +38%) across various vocational 

education contexts. However, the findings also 

reveal several critical gaps. The role of teaching 

quality as a mediating variable between smart 

classroom technology and learning outcomes 

remains significantly underrepresented. Most 

studies focus on learning outcomes without 

examining how teaching quality mediates these 

effects, and the bidirectional relationship between 

technology, teaching quality, and learning 

outcomes remains undertheorized and 

underinvestigated. Furthermore, and most 

significantly for this review, no studies were 

identified that specifically target automotive 

maintenance training at Beijing Changping 

Vocational School. This absence represents a 

major gap in the literature, as this specific 

institutional context may possess unique 

characteristics that influence smart classroom 

implementation effectiveness. 

This imbalance suggests that current smart 

classroom practices tend to prioritize 

technological and learning outcomes over 
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teaching quality and context-specific 

considerations. Accordingly, this study argues for 

a reconceptualization of smart classroom 

research as a more holistic and teaching quality-

sensitive framework in which smart classroom 

technology serves not only as a tool for 

enhancing learning outcomes but also as a 

mechanism for supporting teaching quality and 

instructional effectiveness. Integrating 

automotive maintenance training into smart 

classroom research has the potential to enrich 

learning by connecting technology with 

measurable technical competencies, while also 

enhancing teaching quality through improved 

feedback, interaction, and classroom process 

quality. For Beijing Changping Vocational School 

specifically, future smart classroom 

implementation should consider adapting 

strategies to align with the school's specific 

curriculum frameworks, student demographics, 

teacher readiness, and industry partnerships. 

Therefore, future development of smart 

classroom research in vocational education 

should not only advance technological 

innovation and learning outcome measurement 

but also embed teaching quality as a mediating 

variable and context sensitivity at the core of the 

research process, enabling smart classroom 

implementation to become both technologically 

effective and pedagogically relevant for diverse 

vocational contexts including automotive 

maintenance training at Beijing Changping 

Vocational School. 
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Appendix A 

Appendix 1. Coding Scheme to Analyse Included Studies (n = 20 Articles) 

Category Code Label Definition 

Type of the study A1 Mixed-method Studies combining qualitative and quantitative 

approaches (e.g., interviews + surveys, observations 

+ test scores) 

 A2 Experimental / Quasi-

experimental 
Intervention-based studies using pre-test/post-test, 

control group, or quasi-experimental design without 

randomization 

 A3 Quantitative survey Studies using structured questionnaires, Likert 

scales, or survey instruments (cross-sectional, 

correlational, validation) 

 A4 Qualitative Studies using interviews, classroom observations, 

document analysis, or thematic analysis 

 A5 Theoretical / Conceptual Studies presenting theoretical frameworks, 

conceptual models, or policy analysis without 

primary data collection 

 A6 Case study In-depth investigation of a single institution, 

program, or implementation context 

 A7 Design & Development (R&D) Studies focused on developing and validating 

educational products, modules, or systems (e.g., 4D 

model, ADDIE) 

Context and targeted 

group 
B1 Vocational secondary education Studies conducted in vocational high schools or 

secondary vocational schools (ages 15–18) 

 B2 Higher vocational education Studies involving vocational/technical college 

students (ages 18–22) 

 B3 University/General higher 

education 
Studies involving university students in non-

vocational programs (undergraduate or 

postgraduate) 

 B4 Automotive/Engineering specific Studies specifically targeting automotive 

maintenance, mechanical engineering, or technical 

trade students 

 B5 Non-automotive vocational Studies in other vocational fields (nursing, 

economics, finance, chemistry, etc.) 

 B6 Mixed contexts Studies involving multiple educational levels or 

cross-disciplinary settings 

Theoretical framework C1 Constructivist learning theory Studies using constructivism, social constructivism, 

or experiential learning as primary framework 
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 C2 Technology Acceptance Model 

(TAM) / UTAUT 
Studies using TAM, UTAUT, or technology 

adoption frameworks 

 C3 Community of Inquiry (CoI) Studies using CoI framework (teaching, social, 

cognitive presence) 

 C4 Project-Based Learning (PBL) Studies using PBL as pedagogical framework 

 C5 Blended learning theory Studies using blended or hybrid learning theoretical 

foundations 

 C6 Self-Determination Theory 

(SDT) 
Studies using SDT (autonomy, competence, 

relatedness) as motivational framework 

 C7 No explicit framework No clearly stated theoretical basis 

Learning model / 

pedagogical approach 
D1 Virtual Reality (VR) based 

learning 
Use of immersive VR, desktop VR, or computer-

generated VR for skill development 

 D2 Virtual simulation laboratory Use of virtual simulation platforms for practice-

based learning 

 D3 Digital twin technology Use of digital twin for real-time monitoring, 

simulation, or training 

 D4 Blended teaching (online + 

offline) 
Integration of face-to-face instruction with digital 

learning resources 

 D5 Smart classroom platform Use of integrated smart classroom systems (e.g., 

SEEWO, interactive displays, IoT devices) 

 D6 Scene teaching / Situational 

learning 
Use of contextualized, scenario-based instruction in 

smart classrooms 

 D7 Cooperative / Collaborative 

learning 
Structured peer interaction, team-based tasks, and 

collaborative problem-solving 

 D8 STEM-based digital module Integration of STEM principles into digital learning 

modules for technical skills 

Main variables / focus E1 Teaching quality Instructional effectiveness, teacher-student 

interaction, feedback quality, classroom 

management 

 E2 Learning quality / outcomes Student achievement, cognitive outcomes, 

knowledge acquisition, skill development 

 E3 Student engagement Behavioral, emotional, and cognitive engagement in 

learning activities 

 E4 Practical / Technical skills Hands-on skills, procedural knowledge, diagnostic 

abilities, equipment operation 

 E5 Student perception / satisfaction Attitudes, perceived usefulness, satisfaction with 

smart classroom experience 

 E6 Teacher perception / readiness Teacher beliefs, technology acceptance, perceived 

competence, professional development needs 

 E7 Interaction patterns Teacher-student interaction, student-student 

collaboration, feedback mechanisms 

 E8 Higher-order thinking skills 

(HOTS) 
Analytical thinking, critical thinking, problem-

solving, curiosity 

 E9 Academic / exam performance Test scores, grades, knowledge assessments, 

certification outcomes 
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Technology / 

intervention type 
F1 Virtual Reality (VR) - Immersive Head-mounted displays (HMD), fully immersive 

3D environments for training 

 F2 Virtual Reality (VR) - Desktop Computer-based VR without head-mounted 

displays 

 F3 Augmented Reality (AR) Overlay of digital information onto physical 

environment 

 F4 Digital twin Virtual replica of physical systems for simulation 

and monitoring 

 F5 AI-powered system Artificial intelligence for adaptive learning, 

diagnostics, or assessment 

 F6 Smart classroom infrastructure IoT devices, interactive whiteboards, learning 

analytics platforms, cloud systems 

 F7 Virtual learning platform Online platforms (e.g., Second 

Life, Spatial.io ) for distance or blended learning 

 F8 Simulation software Computer-based simulation for specific technical 

procedures 

Measured outcomes G1 Cognitive outcomes Knowledge acquisition, conceptual understanding, 

exam scores, theoretical comprehension 

 G2 Psychomotor / Technical skills Practical skills, hands-on performance, procedural 

accuracy, diagnostic ability 

 G3 Affective outcomes Motivation, engagement, satisfaction, attitudes, self-

efficacy 

 G4 Behavioral outcomes Participation frequency, time-on-task, attendance, 

collaboration behavior 

 G5 Learning efficiency Time to complete tasks, error reduction, resource 

utilization 

Research design 

characteristics 
H1 Pre-test/post-test with control 

group 
Experimental design with baseline and follow-up 

measures plus comparison group 

 H2 Pre-test/post-test without 

control 
Quasi-experimental design with repeated measures 

but no comparison group 

 H3 Post-test only Single measurement after intervention without 

baseline 

 H4 Cross-sectional / Correlational Single time-point data collection examining 

relationships between variables 

 H5 Case study In-depth investigation of single institution or 

implementation context 

 H6 Qualitative / Thematic analysis Interview or observation data analyzed through 

thematic coding 

 H7 Mixed methods Combination of quantitative and qualitative data 

collection and analysis 

Identified gaps / 

limitations 
I1 Limited to specific context 

(China) 
Findings limited to Chinese educational or cultural 

context 

 I2 Limited to specific context (non-

China) 
Findings limited to non-Chinese contexts 

(Indonesia, Thailand, Korea, Rwanda, Spain, USA, 

Denmark, Taiwan) 

https://spatial.io/
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 I3 Small sample size (n < 100) Insufficient statistical power due to limited 

participants 

 I4 Short intervention duration Brief intervention period (< 8 weeks) limiting long-

term effect assessment 

 I5 No control group Lack of comparison group to isolate intervention 

effects 

 I6 No long-term follow-up Lack of retention or longitudinal measures post-

intervention 

 I7 Limited to non-automotive 

context 
Findings from other disciplines (nursing, chemistry, 

economics, English) - generalizability to automotive 

uncertain 

 I8 Technology dependency / cost 

constraints 
Over-reliance on expensive VR/digital twin systems 

not universally available in vocational schools 

 I9 Lack of teaching quality focus Studies focus on technology or learning outcomes 

without examining teaching quality as mediator 

 I10 No stakeholder perception data Absence of teacher or student perception data on 

smart classroom implementation 

 

Appendix 2: Summary of the Included Studies (n = 20) 

No Author(s) 
(Year) 

Research 
Method 

Sample & 
Context 

Learning Model & Main Variables Main Findings 

1 Beltran Sierra, 
L. M., Martin 
Llamas Nistal, 
M., & 
Fernandez 
Sanchez, J. 

(2022) 

Quantitative 
experiment 
(pretest-
posttest 
control 
group) 

Electrical 
engineering 
students in 
distance learning 
program, Spain 

Learning Model: Second Life virtual 
world platform for distance 
learning; Main Variables: Virtual 
platform effectiveness, academic 
achievement, student engagement 

Second Life virtual platform is 
effective for engineering distance 
learning, especially for courses 
requiring 3D visualization. 
Students showed significant 
improvement in understanding 
complex electrical engineering 
concepts compared to traditional 

online methods. 

2 Safadel, P. 
(2023) 

Quantitative 
experiment 
(comparative 
design) 

University 
students learning 
in environments 
with spatial 
frameworks, 
USA 

Learning Model: Computer-
generated Virtual Reality (VR) with 
spatial frameworks; Main 
Variables: VR effectiveness, spatial 

understanding, knowledge retention 

Computer-generated VR 
significantly enhances learning in 
environments requiring spatial 
framework understanding. 
Students using VR demonstrated 
35% better spatial reasoning 
scores compared to 2D 

computer-based learning. 

3 Klingenberg, 

S. (2023) 
Media & 
methods 
experiment 
(2x2 factorial 

design) 

University 
students learning 
procedural tasks 
through desktop 
vs immersive 
VR, Denmark 

Learning Model: Generative learning 
strategy (teaching others) using 
desktop VR vs immersive VR; Main 
Variables: Media type, learning 
method, procedural knowledge 
acquisition, transfer performance 

Immersive VR significantly 
outperforms desktop VR for 
generative learning strategies and 
complex procedural tasks. The 
"teaching as learning" strategy 
was most effective in immersive 
VR environments for complex 

procedures (effect size d = 0.78). 

4 Jiang, Y. 

(2024) 
Construction 
& practice 
study (path 

analysis) 

Virtual 
simulation 
laboratories for 
economics and 
management in 
Chinese 

universities 

Learning Model: Virtual simulation 
laboratory for practice-based 
learning; Main 
Variables: Construction path, theory-
simulation integration, practical skill 
development 

Virtual simulation laboratory is 
effective for practice-based 
learning. Success depends on 
integration of theoretical 
instruction with simulation 
activities. Identified four critical 
success factors: infrastructure, 
teacher training, curriculum 
alignment, and assessment 

methods. 
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5 Zhou, H., & 

Wu, Z. (2024) 
Conceptual 
study & 
policy 
analysis 

Higher 
vocational 
education 
(finance and 
economics 
majors) in 
Chinese 
vocational 
colleges 

Learning Model: Virtual simulation 
training base for vocational 
education; Main Variables: Value 
connotation, realistic dilemmas, 

practical implementation paths 

Virtual simulation training base 
improves vocational learning 
quality but faces significant 
constraints: high infrastructure 
costs (average ¥967-656 million), 
lack of qualified technical staff, 
and insufficient curriculum 
integration. Recommends public-
private partnership models. 

6 Tao, Y., 
Wang, J., & 
Chen, W. 

(2024) 

Case study 
(single 
institution) 

Wuhu 
Vocational and 
Technical 
College, Anhui 
Province, China 

Learning Model: Digital twin 
technology for campus management 
service system; Main 
Variables: Technology application, 
system effectiveness, facility 

management efficiency 

Digital twin technology improves 
efficiency of practical facility 
management in vocational 
campuses by 28%. Enables real-
time monitoring of equipment 
status, predictive maintenance 
scheduling, and resource 
optimization. Applicable to 
automotive workshop 
management. 

7 Ye, L., & Lu, 
Z. (2024) 

Quasi-
experimental 
(10-week 
course, 
pretest-

posttest) 

133 first-year 
vocational 
students 
(Experimental 
n=67, Control 
n=66), Yunnan 
Province, China 

Learning Model: SEEWO smart 
classroom platform vs traditional 
classroom; Main 
Variables: Cognitive outcomes (exam 
scores), behavioral outcomes 
(participation), affective outcomes 
(student feedback) 

Smart classroom significantly 
improved all three outcome 
types: cognitive (exam scores 
+15.3%, p<0.01), behavioral 
(participation +42%), and 
affective (student satisfaction 
+38%). Effects were stronger for 
low-performing students. 

8 Rattanakha, 
R., 
Chatwattana, 
P., & 
Piriyasurawon

g, P. (2025) 

Pre-
experimental 
(one-group 
posttest 
only) 

30 vocational 
certificate 
students in dual 
vocational 
education 
program, 
Nakornluang 
Polytechnic 

College, Thailand 

Learning Model: Virtual smart 

classroom using Spatial.io  platform 

+ cooperative problem-based learning 
(PBL) with ClickUp; Main 
Variables: Analytical thinking (7 
indicators), curiosity (5 indicators) 

Virtual smart classroom with 
cooperative PBL produced "very 
good" outcomes: analytical 
thinking mean = 7.23 (SD=1.41) 
from maximum 9.00; curiosity 
mean = 10.43 (SD=1.65) from 
maximum 12.00. Student 
satisfaction rated "very good" 

(mean=4.52/5.00). 

9 Yu, H., Shi, 
G., Li, J., & 
Yang, J. 
(2022) 

Comparative 
study (smart 
vs traditional 
classroom) 

University 
students in smart 
classroom and 
traditional 
classroom 
settings, China 

Learning Model: Smart classroom 
with interactive technologies vs 
traditional lecture-based; Main 
Variables: Interaction patterns 
(teacher-student, student-student), 
engagement levels (behavioral, 

emotional, cognitive) 

Smart classroom produces 
significantly higher interaction 
and engagement compared to 
traditional classrooms: teacher-
student interaction +67%, 
student-student collaboration 
+82%, behavioral engagement 
+54%, emotional engagement 
+61%, cognitive engagement 

+48%. 

10 Lu, K., Yang, 
H. H., Shi, Y., 
& Wang, X. 
(2021) 

Quantitative 
survey 
(structural 
equation 

modeling) 

University 
students 
(N=432) in 
smart classroom 
environments, 
China 

Learning Model: Smart classroom 
environment for higher-order thinking 
skills (HOTS); Main 
Variables: Interaction quality, real-
time feedback, resource accessibility, 
HOTS development 

Key influencing factors for 
HOTS in smart classroom: 
interaction quality (β=0.42, 
p<0.001), real-time feedback 
(β=0.38, p<0.001), and resource 
accessibility (β=0.31, p<0.001). 
These three factors explained 
67% of variance in HOTS 
development. 

11 Ngendabanga, 
C., 
Nsanzimanac, 
P., & 
Nkurunziza, 

B. (2022) 

Quasi-
experimental 
(pretest-
posttest 
control 

group) 

Advanced level 
chemistry 
students 
(N=120) in 
selected 
secondary 
schools, Kicukiro 
District, Rwanda 

Learning Model: Smart classroom 
instruction vs traditional 
instruction; Main 
Variables: Chemistry learning 
performance, knowledge retention, 

student motivation 

Smart classroom had significant 
positive effect on chemistry 
learning performance (mean 
difference = 24.5%, p<0.001, 
Cohen's d = 1.12). Students in 
smart classroom also showed 
higher knowledge retention after 
4 weeks (+31%) and higher 

motivation levels (+45%). 

https://spatial.io/
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12 Meng, Y., 
Song, J., Yu, 
X., Xu, X., & 
Zhang, H. 

(2023) 

Design & 
evaluation 
(mixed 
methods: 
QUANT + 
QUAL) 

Nursing students 
(N=156) in basic 
nursing courses, 
China 

Learning Model: Blended teaching 
in smart classroom + virtual 
simulation training; Main 
Variables: Instructional design 
quality, practical clinical skills, student 
satisfaction, learning efficiency 

Blended teaching with virtual 
simulation significantly improved 
practical clinical skills (post-test 
score +28.6%, p<0.001). 
Students reported high 
satisfaction (mean=4.35/5.00). 
Most effective for procedural 
skills requiring repetition and 
risk-free practice environment. 

13 Liu, X., & 
Wang, J. 
(2023) 

Experimenta
l study 
(randomized 
controlled 
trial) 

University 
students 
(N=180) in 
smart classroom 
learning 
environment, 
China 

Learning Model: Scene teaching in 
smart classroom (situational learning 
scenarios); Main Variables: Scene 
teaching effectiveness, learning 
performance (immediate & delayed), 

knowledge transfer 

Scene teaching in smart 
classroom significantly improves 
learning performance (immediate 
test +22.4%, delayed test 
+18.7%, both p<0.01). Most 
effective for complex, 
contextualized learning tasks. 
Knowledge transfer to novel 
situations improved by 31% 
compared to traditional 
instruction. 

14 Dai, Z., Sun, 
C., Zhao, L., 
& Zhu, X. 
(2023) 

Video 
interaction 
analysis 
(quantitative 
content 
analysis) 

Project-based 
learning (PBL) 
students (N=96) 
in smart 
classroom 
environment, 
China 

Learning Model: Smart classroom-
supported project-based learning 
(PBL); Main Variables: Video 
interaction patterns (frequency, 
duration, quality), collaboration 
outcomes, project quality 

Smart classroom supports PBL 
through increased student 
interaction (+58%) and 
collaboration (+71%). Video 
interaction analysis revealed three 
distinct collaboration patterns: 
leader-follower (42% of groups), 
egalitarian (35%), and passive 
(23%). Egalitarian groups 
produced highest quality projects 
(mean score 88.5 vs 76.2 for 
leader-follower). 

15 Mantooth, R., 
Usher, E. L., 
& Love, A. 

M. A. (2021) 

Quantitative 
survey 
(multilevel 

modeling) 

High school and 
college students 
(N=845) in 
various 
classroom 
environments, 
USA 

Learning Model: Classroom 
environmental influences on self-
efficacy and achievement; Main 
Variables: Classroom environment 
quality, self-efficacy beliefs, academic 

achievement 

Supportive classroom 
environment significantly 
increases self-efficacy (β=0.47, 
p<0.001) and academic 
achievement (β=0.38, p<0.001). 
Self-efficacy mediated 41% of the 
relationship between classroom 
environment and achievement. 
Physical comfort, emotional 
safety, and instructional clarity 
were strongest predictors. 

16 Hu, Y., 
Huang, J., & 
Kong, F. 
(2022) 

Quantitative 
survey 
(Community 
of Inquiry 
framework) 

University 
students 
(N=568) in 
different 
classroom 
environments, 
China 

Learning Model: Community of 
Inquiry (CoI) framework in smart vs 
traditional classrooms; Main 
Variables: Teaching presence, social 
presence, cognitive presence, learning 

perceptions 

Positive perceptions of smart 
classroom correlate with higher 
teaching presence (β=0.52), 
social presence (β=0.48), and 
cognitive presence (β=0.44). 
Smart classroom students 
reported significantly higher 
scores on all three CoI presences 
compared to traditional 
classroom (all p<0.001). 

17 Yu, B. K., 
Son, Y. J., & 
Kim, G. T. 
(2024) 

Experimenta
l (formative 
assessment 
focus) 

Automotive 
maintenance 
education 
students (N=85), 
Korea 

Learning Model: VR equipment-
based automotive maintenance 
training with formative 
assessment; Main Variables: VR 
effectiveness, learning outcomes, skill 

acquisition speed, error reduction 

VR equipment significantly 
improves automotive 
maintenance learning outcomes. 
Students using VR completed 
tasks 32% faster with 45% fewer 
errors compared to traditional 
training. Formative assessment 
embedded in VR identified 
specific skill gaps (electrical 
diagnosis, mechanical assembly). 
Most effective for high-risk or 
expensive-to-repair procedures. 
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18 Setiyawan, A., 
& 
Syamsuddin 
Nurul Iman, 

M. (2026) 

R&D (4D 
model: 
Define, 
Design, 
Develop, 
Disseminate) 

Vocational 
automotive 
education 
students (N=60) 
in Anti-lock 
Braking Systems 
(ABS) training, 

Indonesia 

Learning Model: STEM-based 
digital learning module for 
ABS; Main Variables: Module 
effectiveness (expert validation, 
student response), learning outcomes, 
practical skills 

STEM-based digital learning 
module for ABS was validated as 
"very feasible" (media expert 
89.5%, material expert 88.9%). 
Student response 84% "very 
feasible". Learning outcomes 
increased significantly (N-Gain = 
58% / medium category). 
Practical skills in ABS diagnosis 

and repair improved 42%. 

19 Wang, J., 
Tigelaar, D. 
E., Luo, J., & 
Admiraal, W. 

(2022) 

Multilevel 
analysis 
(hierarchical 
linear 

modeling) 

Teachers (N=45) 
and students 
(N=1,247) in 
smart classroom 
learning 
environment, 
China 

Learning Model: Smart classroom 
environment with teacher beliefs and 
classroom process quality; Main 
Variables: Teacher beliefs 
(constructivist vs traditional), 
classroom process quality, student 
engagement (behavioral, emotional, 

cognitive) 

Teacher beliefs significantly 
predict classroom process quality 
(β=0.54, p<0.01), which in turn 
predicts student engagement 
(β=0.61, p<0.001). Constructivist 
teacher beliefs had stronger 
positive effects on all three 
engagement types. Professional 
development focused on 
pedagogical beliefs was more 
effective than technology training 
alone. 

20 Cheng, C. C., 
& Yang, Y. T. 

C. (2023) 

Experimenta
l (2x2 
factorial with 
moderator 
variables) 

Rural students 
(N=320) in 
smart classroom 
environment, 
Taiwan 

Learning Model: Smart classroom 
combined with student-centered 
pedagogies (inquiry-based vs direct 
instruction); Main 
Variables: Pedagogy type (inquiry-
based vs direct), duration (short-term 
vs long-term), learning outcomes 
(knowledge, skills, attitudes) 

Smart classroom + student-
centered pedagogies significantly 
improved learning outcomes. 
Inquiry-based pedagogy 
outperformed direct instruction 
for long-term retention (+28%) 
and skill application (+35%). 
Pedagogy type and duration were 
significant moderators: effects 
were stronger for longer duration 
courses (>8 weeks). Smart 
classroom technology alone 
without pedagogical change 
showed minimal impact (effect 
size d=0.12). 

 

 

 


