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Abstract 
This study examines the effectiveness of a deep learning–based assessment system 

in vocational education, focusing on its implementation at SMK Negeri 8 

Purworejo. To build a strong evidence base, the research first conducted a meta-

analysis of earlier studies on automated deep learning assessment systems, 

selecting only those that used deep learning for performance-based evaluation, 

reported measurable accuracy or efficiency outcomes, and aligned with vocational 

or practical task contexts. The empirical phase tested a prototype system designed 

for productive Teknik Kendaraan Ringan (TKR) subjects, particularly for 

evaluating engine tune-up, component inspection, and basic troubleshooting 

practices. The system utilized video and image-based deep learning models to 

analyze student performance during hands-on activities. Data were collected from 

learning outcome documents, teacher interviews, student perception 

questionnaires, and observations of assessment duration. The results show that the 

deep learning–based system improves scoring precision, shortens evaluation time, 

and is positively received by both teachers and students. These practical gains 

support the meta-analytic findings and highlight the system’s potential to automate 

aspects of vocational assessment that were previously difficult to evaluate 

objectively. The study’s contribution lies in combining meta-analysis with real 

classroom implementation, offering a meaningful step toward AI-driven adaptive 

assessment in vocational education. 
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INTRODUCTION 

The digital transformation in education has created a strong push for innovation in 

various aspects of learning, including evaluation systems. Learning evaluation is a crucial part 

of the educational process because it serves as a benchmark for student success in achieving 

established competencies. In the digital era, conventional assessment approaches are deemed 

less responsive to the need for efficiency and objectivity, particularly in the context of 

vocational education, which emphasizes the mastery of practical skills. (Jatmoko et al., 2023). 

Vocational High Schools (SMK) play a strategic role in producing work-ready graduates. 

In these institutions, learning outcome evaluation serves not only as an academic report but 

also as a tool to measure students’ readiness to enter the industrial world. Therefore, the quality 

of the assessment system implemented in vocational schools significantly determines the 

quality of graduates. Inaccurate or overly subjective assessments can impact the credibility of 

learning outcomes and graduate competencies. (Martínez et al., 2023). 

One innovative development in assessment systems is the use of deep learning models to 

support automated evaluation. In this study, deep learning refers specifically to convolutional 

neural networks (CNNs) that are designed to analyze visual data such as images and videos of 

students’ practical work an approach well suited to vocational tasks that rely heavily on 

physical performance. These models learn patterns from recorded demonstrations, identify key 

steps in a procedure, and generate consistent, objective scoring based on predefined criteria. 

Within vocational education, particularly in hands on automotive assessments, the use of CNN 

based analysis helps address long standing challenges related to time consuming scoring and 

variations in teacher judgment. Misgna et al., 2024; Faseeh et al., 2024; Zhang & Wu, 2023). 

Rather than claiming to provide full automated feedback, the system focuses on accurate 

recognition and scoring of performance indicators, ensuring that its functions remain aligned 

with what has been empirically tested. Adnyana, 2024; Abdullah & Yahya, 2025; Mustika et 

al., (2025). 

The application of deep learning in educational evaluation has shown promising results in 

various areas, such as writing assessment, speech recognition, and video performance 

monitoring. However, the effectiveness of this technology in Indonesian vocational education 

environments remains minimally researched, particularly at the secondary school level. Limited 

infrastructure, teachers’ digital literacy, and limited curriculum adaptation pose challenges to 

the widespread implementation of this system. Sari & Utami, 2024; East & Slomp, 2024; 

Mahoney et al., (2024) 

Specifically, at SMK N8 Purworejo, no research has specifically evaluated the 

application of technology to support a deep learning vocational evaluation system. This school, 

however, has representative student characteristics and expertise programs that serve as a case 

study in the context of vocational education. This research aims to provide a comprehensive 

overview of the strengths, weaknesses, and effectiveness of implementing a deep learning 

system to evaluate student learning outcomes at SMK N8 Purworejo. 

Therefore, this research is crucial for assessing the potential for digital transformation in 

vocational school evaluation systems. The results are expected to not only provide empirical 

data on the effectiveness of this technology but also serve as a basis for designing strategies for 

developing an automated evaluation system that aligns with the characteristics and needs of 

vocational education in Indonesia. This innovation is expected to improve assessment 

objectivity, teacher efficiency, and the quality of graduates who are prepared to face the 

challenges of the 21st century workplace. 

 

Literature Review 

1) Vocational Learning Assessment 

In vocational education, assessment is a crucial part of the learning process because it 

serves to comprehensively evaluate students’ cognitive, affective, and psychomotor abilities. 
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According to Martínez et al., (2023) educational assessment must provide accurate information 

about students’ abilities to help them make decisions about what they want to learn. Because 

practical skills are at the heart of the learning process in vocational education, performance 

based assessment, also known as performance based assessment, is crucial. However, this 

process is often time consuming and susceptible to teacher bias (Jatmoko et al., 2023). 

Consequently, an assessment system is needed that can save time and make evaluation results 

more objective. 

2) Deep Learning Technology in Educational Evaluation 

A branch of artificial intelligence (AI) known as deep learning mimics the way the 

human brain functions to recognize patterns and analyze complex data through a layered neural 

network structure (Zhang & Wu, 2023). Deep learning aids evaluation processes in education, 

such as gesture recognition in vocational practice, student facial identification during exams, 

and essay grading (Faseeh et al., 2024)). By using datasets from previous learning outcomes, 

deep learning models can be trained to identify patterns in student performance and provide 

faster and more objective evaluation results. According to Adnyana, 2024; Abdullah & Yahya, 

2025; Mustika et al., (2025), using AI in assessment enables customizable assessment systems, 

where assessment results can be tailored to students’ unique abilities. This allows for increased 

personalization of learning. 

3) How Effective is an Automated Assessment System 

There are several ways to measure the effectiveness of an automated assessment system. 

The first is the validity of the assessment results, meaning that the automated assessment 

results are consistent with the teacher’s assessment results; the second is time efficiency, 

meaning how quickly the system can expedite the assessment process; and the third is user 

feedback on the system, from both teachers and students (Sari & Utami, 2024; East & Slomp, 

2024; Mahoney et al., (2024). The system’s ability to assess complex practical skills is 

significantly influenced by the effectiveness of automated assessment in vocational education. 

Compared with conventional methods, deep learning enables the processing of sensor data, 

such as images and videos, to automatically and objectively assess student achievement. 

4) Meta Analysis in Educational Evaluation 

Meta analysis is a quantitative method that combines the results of various studies to 

reach more general conclusions about the effectiveness of an intervention (Misgna et al., 2024; 

Faseeh et al., 2024). Meta analysis was used in this study to review various previous studies on 

the application of deep learning in educational evaluation systems. This method demonstrates 

the extent of the technology’s influence on improving learning outcomes and assessment 

efficiency. This study provides a more comprehensive view of theory and practice by 

combining empirical field data and meta analysis. 

Based on the theoretical description above, it is understood that deep learning-based 

assessment systems have significant potential to improve the quality of vocational learning 

evaluation. Incorporating AI technology into the vocational practice assessment process can 

help teachers provide more accurate feedback, expedite the assessment process, and reduce 

subjectivity. This study aims to strengthen the theoretical foundation and provide concrete 

evidence on the effects of implementing deep learning in contemporary vocational education. 

This is achieved through the use of a meta-analysis approach and empirical verification in 

vocational high schools. 

 

RESEARCH METHOD 

Research Design 

The research employed a mixed methods approach, combining both quantitative and 

qualitative data to evaluate the effectiveness of a deep learning-based assessment system. This 

research design enabled a comprehensive assessment of the system’s impact on student 
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learning outcomes, while also integrating both empirical data and broader meta-analytic 

evidence. 

Research Target/Subject 

The research target/subject involved 32 students and 4 automotive teachers from SMK 

Negeri 8 Purworejo, who participated in the implementation of the system in the Light Vehicle 

Automotive Engineering course. The deep learning system was designed to evaluate student 

practical work, specifically in areas such as workshop skills and vehicle service procedures, by 

analyzing video recordings of student activities. 

Research Procedure 

For the research procedure, the deep learning system analyzed the video recordings to 

detect the sequence of work procedures and assess the accuracy of the steps based on a pre-

trained machine learning data model. The results from this automated assessment were then 

compared with manual assessments conducted by the teachers. 

Instruments, and Data Collection Techniques 

Regarding instruments and data collection techniques, the study used a performance-

based assessment rubric aligned with the Light Vehicle Engineering curriculum to evaluate 

student learning outcomes. Additionally, a perception questionnaire was administered to both 

students and teachers to assess the usability, clarity of scoring, and overall acceptance of the 

system. 

Data Analysis Technique 

Data analysis techniques included quantitative analyses, such as paired t-tests to measure 

learning gains and independent t-tests to compare the assessment durations between the 

automated and manual systems. The qualitative responses from the perception questionnaire 

were analyzed thematically to provide insights into participants’ experiences and attitudes 

toward the system. 

 

RESULTS AND DISCUSSION 

To strengthen the interpretation of these findings, results were integrated with a meta-

analysis of eighteen prior studies. These studies were selected based on predefined criteria: the 

application of deep learning for educational or practical skill assessment, the inclusion of 

measurable accuracy or efficiency outcomes, and the availability of empirical data. Effect sizes 

from the meta-analysis were compared with the results from the field implementation, allowing 

the researchers to position the SMK findings within a wider research landscape. This 

integrative approach ensured that the methodology operated as a cohesive mixed-method 

design rather than isolated components, providing a more robust foundation for concluding the 

effectiveness of deep learning based assessment in vocational education. 

To determine the difference in average scores before and after the implementation of the 

automated assessment system, a paired t-test, or paired t-test, was used to analyze learning 

outcomes. 

Table 1. Paired Sample t Test 

Statistics Before Implementation After Implementation  Difference Sig. (p) 

Rata-rata 78,21 84,56 +6,35 0,001 

            (n = 32, α = 0,05) 

 

Test results showed a significant increase (p < 0.05) in the average student learning 

outcomes after using the deep learning-based assessment system. This improvement indicates 
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that the system can provide faster and more accurate feedback, allowing students to correct 

practice errors earlier and improving their learning performance. 

Table 2. Assessment Time Efficiency Analysis 

Type of Assessment 
Average Time 

(minutes/student) 
Efficiency (%) 

Manual 15,8 — 

Deep Learning 6,3 60,1% 

 

Observations showed that the time teachers needed to conduct practical assessments 

decreased significantly after implementing the automated system. This reduced assessment 

time by 60% while also reducing the potential for subjectivity among assessors. The results of 

the perception questionnaire showed a positive response to the implementation of the 

automated assessment system. 

The chart titled Students’ Perception of Learning Assessment illustrates how students 

rated four key aspects of the assessment system. Overall, perceptions were highly positive: 

System Practicality, Fairness, Result Accuracy, and Feedback Speed all scored close to 4.5 out 

of 5, indicating that students found the system easy to use, fair, and reliable in producing 

accurate results, while also appreciating the generally quick feedback process. However, the 

second cluster reveals a noticeably lower score for Feedback Speed slightly above 3.0 

suggesting that although students value the system’s overall performance, they still experience 

occasional delays in receiving feedback. In summary, the chart shows strong student approval 

of the assessment system, with minor concerns focused primarily on the consistency of 

feedback speed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Student perceptions of the implementation of the automatic assessment system 
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Figure 2. Teacher Perceptions of the Implementation of the Automated Assessment 

System 

Qualitative data from teacher interviews indicate that the system helps them assess more 

objectively, particularly in assessing procedural skills. Teachers stated that the system is able to 

recognize the sequence of work steps fairly accurately and provides consistent evaluation 

results across students. 

 

RESULTS AND DISCUSSION 

The findings of this study show that the deep learning based assessment system 

contributes meaningfully to improving the quality and efficiency of vocational learning 

evaluation. The 6.35 point increase in student performance was derived from comparing pre  

and post implementation scores on a standardized performance based rubric, and statistical 

testing confirmed that this improvement was significant (p < .05). This suggests that students 

not only performed better but did so in a way that is unlikely to be explained by chance alone. 

When viewed against the broader literature, these results resonate with Sari and Utami 

(2024) and Zhang and Wu (2023), who argue that AI can enhance assessment accuracy by 

reducing human judgment inconsistencies. However, unlike Luckin’s emphasis on adaptive 

feedback loops, the current system primarily supports accuracy through objective recognition 

of procedural steps rather than personalized feedback. Likewise, Faseeh et al. (2024) and 

Misgna et al. (2024) highlight AI’s potential to support large scale, efficient assessment; the 

present study extends this claim by demonstrating its applicability in hands on vocational tasks 

an area rarely automated in previous research. Thus, rather than simply confirming earlier 

findings, this study expands existing evidence by showing that deep learning can reliably 

assess complex motor and procedural skills within real classroom settings. 

The increased assessment time efficiency of up to 60% reinforces the role of technology 

in easing teachers’ administrative burdens, as emphasized by (Bach et al., 2025), who argued 

that AI-assisted evaluation systems have the potential to partially replace repetitive and time-

consuming manual assessment functions. This finding is particularly relevant to the vocational 

high school context, where teachers are required to evaluate practical skills in detail across a 

large number of students. 

From a perceptual perspective, teachers and students demonstrated high acceptance of the 

system. This reflects the readiness of the vocational education ecosystem to adapt to innovative 

AI-based evaluation technology. Consistent with Abdullah & Yahya, 2025; East & Slomp, 
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(2024), the successful implementation of evaluative technology in education is significantly 

influenced by user acceptance, particularly in the context of practical learning. Eighteen studies 

that met the inclusion criteria were analyzed using a random effects model. The overall average 

effect size (Cohen’s d) was 0.74, which falls within the medium to high effect category. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Forest Plot Visualization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Efikasi Technologi Evaluativ danam Pendiclation 

 

The forest plot visualization shows that most studies support the effectiveness of deep 

learning systems in improving learning outcomes and evaluation efficiency. The funnel plot 

results are relatively symmetrical, indicating low publication bias. The findings of this meta-

analysis reinforce empirical results from SMK Negeri 8 Purworejo, which demonstrated that 

the implementation of a deep learning-based automated assessment system had a significant 

positive impact on learning outcomes, time efficiency, and user perceptions. The integration of 

the meta analysis results and empirical data provides consistent evidence that the application of 

deep learning in assessment can improve evaluation effectiveness across various educational 

contexts. The novelty of this research lies in the direct application of an automated assessment 

system in the evaluation of vocational practice, which has previously been difficult to automate 

due to the complexity of manual movements and skills. Martínez et al. (2023) and Jatmoko 

(2023). Thus, this study not only confirms the effectiveness of deep learning technology but 

also opens new directions for the development of adaptive evaluation systems in vocational 

education. 
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CONCLUSION 

This study shows how deep learning based assessment systems can truly change the way 

evaluations are carried out in vocational education. By combining findings from previous 

research with real experiences at SMK Negeri 8 Purworejo, the results reveal that artificial 

intelligence can significantly improve the accuracy, fairness, and efficiency of assessing 

students’ performance in productive subjects. With the help of deep learning, teachers can save 

time, reduce workload, and still maintain high-quality evaluations while both teachers and 

students feel more confident and comfortable with technology-assisted assessments. What 

makes this study stand out is its unique combination of meta-analysis and real classroom 

evidence, showing how AI can be meaningfully applied in everyday teaching situations. These 

findings remind us that technology in education should not replace teachers, but rather 

empower them to focus on what matters most-guiding and supporting students. Moving 

forward, the insights from this study can serve as a valuable foundation for developing adaptive 

AI-based assessment systems that better reflect the hands-on, skill-oriented nature of 

vocational learning. 
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