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The rapid development of artificial intelligence (AI) in the 21st century is 

transforming education into a more interactive, adaptive, and student-centred 

system. Chemistry instruction in vocational schools is often theoretical, lacks 

contextualization, and is inadequate at fostering student problem-solving. 

This gap highlights the mismatch between industry competency demands and 

current classroom practices, necessitating innovation through AI integration. 

This study aims to examine the impact of AI use on students’ problem-

solving, self-efficacy, and perceived meaningfulness in vocational chemistry 

learning. The study involved 158 students from SMK IPTEK Jakarta selected 

through cluster random sampling. Data were collected using a questionnaire 

and analyzed through one-way ANOVA. The ANOVA results showed a 

significance value of 0.056, indicating no significant differences in AI use 

across classes. AI integration has a positive impact on student problem-

solving, increases self-efficacy, and promotes a more meaningful learning 

experience. Support from teachers, schools, and policymakers is crucial, 

along with further research to develop AI-based models and test their long-

term impact. 
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1. INTRODUCTION  
The 21st century is marked by a rapid technological revolution, including the emergence of 

artificial intelligence, which has significantly transformed various aspects of human life (Liu et al., 

2018). Artificial Intelligence (AI) has become an integral part of everyday life across the industrial, 

transportation, healthcare, and education sectors (Zaenudin & Riyan, 2024). This technology not only 

enhances automation and efficiency but also creates a new paradigm for how humans work, think, and 

learn (Dita et al., 2025). This development requires the education sector to adapt and produce relevant, 

competent human resources to address the challenges of the digital era. 

The advent of AI has brought significant changes to the education system (Popenici & Kerr, 

2017). AI is not only a tool but can also serve as a learning companion, making the teaching and 

learning process more engaging and varied (Wardhana et al., 2024). Various AI applications enable 

more dynamic, interactive, and student-centred learning (Fajriati et al., 2024). AI technology can 

quickly analyze learning data to help teachers understand each student's strengths and weaknesses, 

enabling more targeted learning strategies (Oktavianus et al., 2023). AI is a crucial tool for realising 

more effective, efficient, and student-centred education. 

Chemistry is a science subject taught at various levels of education, including vocational 

high schools. Chemistry learning in vocational high schools has its own characteristics, as it must 

connect scientific concepts with work skills relevant to students' areas of expertise (Yulistia et al., 

2024). Chemistry learning in vocational high schools is oriented towards the application of scientific 

concepts in a vocational context that supports work competencies. However, chemistry instruction in 

vocational high schools is often theoretical, less engaging, and inappropriate for the vocational context 

students face (Purwati et al., 2022). This results in low student engagement and underdevelopment of 

problem-solving skills essential to technical and industrial jobs (Aisyah & Hidayatullah, 2024). 

Innovation in chemistry learning in vocational high schools is needed to increase student engagement 

relevant to the world of work. 

Although various studies have shown that AI plays a significant role in improving students' 

scientific literacy, learning motivation, learning attitudes, and self-efficacy in English, science, and 

health (Chen, 2025; Fitriana, 2025; Jia & Tu, 2024; Lee et al., 2022; Ria et al., 2025), studies on the 

use of AI in chemistry learning are still relatively limited, especially in the context of vocational high 

schools. This is even though chemistry learning in vocational high schools demands contextual, 

workplace-relevant problem-solving, necessitating an innovative, adaptive learning approach. 

Although students with high self-efficacy tend to be more able to utilize AI as a learning tool 

effectively (Rizka, 2025; Syafitri & Pahlevi, 2026; Toha & Astuti, 2026), there has been little research 

specifically analyzing the relationship between AI use and problem-solving, self-efficacy, and 

meaningful learning in vocational chemistry learning. Therefore, this research is important for filling 

the empirical gap in the integration of AI into chemistry learning in vocational high schools. 

Curriculum restructuring is necessary for professional development in vocational schools 

(Wiyarsi, 2017). The use of AI in chemistry learning in vocational schools plays a strategic role in 

improving learning quality, particularly in student problem-solving, thereby influencing learning 

impact, self-efficacy, and meaningfulness. The use of AI technology in chemistry learning offers 

significant opportunities to improve the quality of education. AI can bridge the gap between industry 

needs and meaningful classroom learning. However, integrating this technology requires in-depth 

research through surveys to assess its effectiveness in the context of vocational education. This 

research is crucial for examining students' problem-solving, which influences the impact, self-efficacy, 

and meaningfulness of AI use in chemistry learning in vocational schools. 

 

2. METHOD 
This study used a cross-sectional survey design, collecting data at a single point in time 

(Cohen et al., 2018). This study was conducted on 158 students at SMK IPTEK Jakarta, which uses 

AI in its learning. The sampling technique used was cluster random sampling. Data were collected 

using a questionnaire instrument on AI Usage, adapted from the research of Kong et al. (2025), as 

shown in Table 2. The questionnaire instrument was piloted on 63 samples before being used as a data 

collection tool. The pilot test results were used for Confirmatory Factor Analysis (CFA), as shown in 

Table 1. 

Table 1. Goodness of Fit Indicators, CFA Results, and Their Cut-Offs 
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Goodness of Fit Indices Result Minimum requirements Information 

RMSEA 0.071 < 0.08 Fit 

GFI 0.910 > 0.9 Fit 

CFI 0.977 > 0.9 Fit 

TLI 0.959 > 0.9 Fit 

(Hair Jr et al., 2019) 

Validity of the instrument was assessed using a Confirmatory Factor Analysis (CFA) in 

AMOS 26. The fit model met the goodness-of-fit criteria shown in Table 1. Table 1 presents the 

implications if the proposed model fits and the questionnaire items are valid and reliable in measuring 

the latent variable. Items can only be included in one particular factor if the minimum loading factor 

for each item is ≥ 0.5 (Hair Jr et al., 2019). The results of the confirmatory factor analysis indicate that 

11 questionnaire items are valid and significant, with loadings above 0.5, and can be used to measure 

AI use for problem-solving. The resulting CFA fit model comprises three factors (dimensions) and 11 

questionnaire items adapted from Kong et al. (2025), as shown in Table 2. 

 

Table 2. AI Usage Questionnaire 

 

Items 
Number 

Question 

Loading 

Factor 

Impact of using AI for problem-solving 

I want to apply my AI knowledge and skills to solve problems in daily 

life. 

Q1 0.849 

I want to solve problems with AI to improve people's lives. Q2 0.770 

I want to solve problems with AI to make daily life easier. Q3 0.789 

I want to apply my AI knowledge and skills to develop interesting 

solutions to problems. 

Q4 0.740 

Self-efficacy in using AI for problem-solving 

I am good at solving problems with AI. Q5 0.708 

I am someone who can solve problems with AI. Q6 0.884 

I have the knowledge and skills to solve AI-related problems. Q7 0.795 

I have confidence in my ability to solve problems with AI. Q8 0.803 

Meaningfulness in using AI for problem-solving 

Using AI to solve problems will help me achieve my goals. Q9 0.860 

I want to be good at solving problems with AI. Q10 0.706 

Using AI to solve problems is important to me. Q11 0.835 

 

The research used a one-way ANOVA, which previously indicated that the data were 

normally distributed and homogeneous (p-value> 0.05). The normally distributed data are shown in 

Table 3. The significance value in the homogeneity test was 0.072. The significance value of the 

ANOVA test was 0.056, as shown in Table 4. A further post hoc test was then conducted, as shown in 

Table 5. The frequency of the results for each item was calculated as a percentage and is shown in 

Table 6. 

 

Table 3. Kolmogorov-Smirnov Test Results 

 

Class Statistic df Sig. 

1R1 .166 26 .065 

1R2 .152 27 .114 

1R3 .116 25 .200 

1R4 .152 25 .138 

1R5 .157 26 .098 

1R6 .158 29 .063 
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3. RESULTS AND DISCUSSION 
Analysis of research data using a one-way ANOVA across 6 classes (1R1-1R6) showed that 

the data were normally distributed and homogeneous (p-value > 0.05). The ANOVA test significance 

value was 0.056, as shown in Table 4, indicating no difference in the use of AI across classes. This 

result implies that similar AI use across classes may provide equitable opportunities for all students to 

benefit from learning with AI, allowing them to learn anytime, anywhere and to develop new skills 

according to current needs (Anas & Zakir, 2024). 

 

Table 4. One-way ANOVA Test Results 

 
 Sum of Squares df Mean Square F Sig. 

Between Groups 197.67 5 39.53 2.21 0.056 

Within Groups 2715.52 152 17.87   

Total 2913.19 157    

 

Learning should not only focus on technology but also help shape students’ character and 

social skills. For example, when using AI in the classroom, teachers should also encourage students to 

think critically, collaborate in problem-solving, and apply values useful in everyday life (Pratiwi & 

Yunus, 2025). Personalized learning supported by AI can significantly improve self-efficacy, 

motivation, and digital literacy (Lyu & Salam, 2025). The post hoc test results showed a p-value> 0.05, 

indicating no significant difference between each class and the others. The post hoc test results are 

shown in Table 5. 

Table 5. Post Hoc Test Results 

 
(I) Class (J) Class Mean Difference (I-J) Std. Error Sig. 

1R1 1R2 -1.566 1.161 .758 

 1R3 -.669 1.184 .993 

 1R4 .611 1.184 .995 

 1R5 -.231 1.172 1.000 

 1R6 -2.718 1.142 .170 

1R2 1R1 1.566 1.161 .758 

 1R3 .896 1.173 .973 

 1R4 2.176 1.173 .434 

 1R5 1.335 1.161 .860 

 1R6 -1.152 1.130 .911 

1R3 1R1 .669 1.184 .993 

 1R2 -.896 1.173 .973 

 1R4 1.280 1.196 .892 

 1R5 .438 1.184 .999 

 1R6 -2.048 1.154 .485 

1R4 1R1 -.611 1.184 .995 

 1R2 -2.176 1.173 .434 

 1R3 -1.280 1.196 .892 

 1R5 -.842 1.184 .980 

 1R6 -3.328 1.154 .050 

1R5 1R1 .231 1.172 1.000 

 1R2 -1.335 1.161 .860 

 1R3 -.438 1.184 .999 

 1R4 .842 1.184 .980 

 1R6 -2.487 1.142 .254 

1R6 1R1 2.718 1.142 .170 

 1R2 1.152 1.130 .911 

 1R3 2.048 1.154 .485 

 1R4 3.328 1.154 .050 

 1R5 2.487 1.142 .254 
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One of the primary challenges in chemistry learning in vocational high schools is students’ 

ability to apply learned concepts to real-life contexts and to apply them practically in the workplace 

(Fahmi, 2019). This situation demands the development of logical, analytical, and strategic thinking 

in solving contextual problems. Problem-solving is a crucial aspect of chemistry learning because it 

reflects students’ capacity for critical, analytical, and reflective thinking (Azizah & Nasrudin, 2022). 

Several studies have shown that vocational high school students still face difficulties in solving 

chemistry problems that require integrating scientific concepts and logical reasoning (Mubarika & 

Yaniawati, 2019). This study employed a 5-point Likert-scale questionnaire, ranging from "strongly 

disagree" to "strongly agree", and the results for each item are presented in Table 6. 

 

Table 6. Results of Each Item 

 

Items Scale Percentage (%) 

Impact of using AI for problem-solving 

I want to apply my AI knowledge and skills to solve problems in 

daily life. 

1 0.6 

2 7.6 

3 22.2 

4 59.5 

5 10.1 

I want to solve problems with AI to improve people's lives. 1 0 

2 10.1 

3 24.7 

4 49.4 

5 15.8 

I want to solve problems with AI to make daily life easier. 1 1.3 

2 10.1 

3 15.2 

4 60.8 

5 12.7 

I want to apply my AI knowledge and skills to develop interesting 

solutions to problems. 

1 0 

2 5.1 

3 24.1 

4 62.7 

5 8.2 

Self-efficacy in using AI for problem-solving 

I am good at solving problems with AI. 1 0 

2 13.3 

3 29.1 

4 47.5 

5 10.1 

I am someone who can solve problems with AI. 1 1.3 

2 22.8 

3 32.9 

4 40.5 

5 2.5 

I have the knowledge and skills to solve AI-related problems. 1 1.3 

2 10.8 

3 32.9 

4 48.7 

5 6.3 

I have confidence in my ability to solve problems with AI. 1 0.6 

2 5.7 

3 37.3 

4 51.3 

5 5.1 
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Items Scale Percentage (%) 

Meaningfulness in using AI for problem-solving 

Using AI to solve problems will help me achieve my goals. 1 1.3 

2 7.6 

3 26.6 

4 57.6 

5 7 

I want to be good at solving problems with AI. 1 0 

2 7 

3 29.1 

4 53.8 

5 10.1 

Using AI to solve problems is important to me. 1 0 

2 7.6 

3 33.5 

4 50.6 

5 8.2 

 

Chemistry is a challenging field (O’Dwyer & Childs, 2017; Rohayah, 2022) because it 

requires an understanding of complex, abstract concepts and the application of higher-order thinking 

skills (Salame & Makki, 2021; Suparwati, 2022). AI technology can help overcome these challenges, 

for example, by visually displaying molecular shapes, simulating chemical reactions, and providing 

problem-solving guidance through AI-based learning programs (Muhammad et al., 2024). 

Students, with the help of AI, can more easily and realistically understand chemistry 

material, become more engaged in lessons, and simultaneously develop scientific skills aligned with 

current demands (Prastika et al., 2024). AI can create a more engaging learning environment tailored 

to each student's needs (Rissi & Sinaga, 2025). AI technology also encourages students to learn 

actively and think more critically in solving problems (Amelia et al., 2024; Szmyd & Mitera, 2024). 

Learning success is determined not only by the material and methods, but also by the 

student's psychological condition (Nugraha, 2018). One important factor influencing learning success 

is the extent to which students feel confident in understanding and completing academic tasks. Self-

efficacy in completing learning tasks significantly predicts students' academic success (Neroni et al., 

2022). It is important to evaluate how AI technology use affects students' self-efficacy in 

understanding and solving chemistry problems. Students with high self-efficacy tend to be more 

motivated, persistent, and able to develop better learning strategies to face learning challenges 

(Miranda et al., 2022; Taufik & Komar, 2021). 

The statement “I am good at solving problems with AI” reflects students’ perceived 

competence in using AI, reflecting high average self-efficacy, which can encourage persistence, 

optimism, and the courage to try new strategies in learning. More students are being encouraged to use 

AI technology. Structured engagement with AI for problem-solving can strengthen self-confidence in 

one's ability to utilize technology to complete tasks effectively. These findings extend previous 

research by providing further evidence on the use of AI in learning, the role of self-efficacy, and 

perceived ease of use (Ahmed et al., 2025; Bergdahl & Sj, 2025; Collie et al., 2024). Students tend to 

feel pessimistic about achieving success and cannot develop self-efficacy if they do not have it in their 

lives (Wiarsana, 2020). 

The statement, “I think of myself as someone who can solve problems with AI, emphasizes 

students’ self-identity as individuals capable of utilising AI, where positive self-perceptions will 

increase intrinsic motivation and readiness to face academic challenges. This finding aligns with 

previous research that has received widespread attention and can further enhance students’ confidence 

in learning and self-efficacy. Students can use AI to personalise learning according to their individual 

learning progress, which can increase confidence and self-efficacy in the task-solving process. 

Educators can further consider students’ use of AI to foster greater confidence in the actual educational 

process (Ren et al., 2026). 

Meanwhile, the statement “I have confidence in my ability to solve problems with AI” 

directly reflects students’ confidence in facing complex tasks, making them more persistent in finding 
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solutions when they encounter difficulties. Students with high self-efficacy tend to have more effective 

learning strategies and better academic outcomes (Tukiran et al., 2020). The statement, “Using AI to 

solve problems will help me achieve my goals”, suggests that learning will be more optimal when 

students perceive a connection between the material being studied and real-life situations (Adipat et 

al., 2021; Haryadi & Nurmala, 2021). Therefore, learning experiences need to be designed not only to 

deliver information but also to ensure the material is relevant and aligned with students’ learning 

objectives. The meaningfulness of learning reflects the extent to which the material can be understood, 

applied, and connected to students’ real-life experiences. In chemistry learning, this aspect is crucial 

so that students are not merely memorizing concepts but also able to apply them in their daily lives 

and work environments (Gupte et al., 2021). 

The statement “I want to be good at solving problems with AI” suggests that artificial 

intelligence has great potential to support personalised, student-oriented learning, according to 

research by Díaz & Nussbaum (2024). Social factors also play a significant role in encouraging 

positive user behaviour, enabling users to utilise AI responsibly and effectively in educational settings 

(Agyare et al., 2025). Furthermore, AI technology can support various learning approaches, such as 

critical thinking, constructivist, inquiry-based, collaborative, visual, and auditory learning, and 

problem-solving (Filiz et al., 2025). 

It is important to balance the use of AI with learning activities that foster critical thinking 

and student creativity. Schools can also consider integrating AI technology to support problem-solving 

and student collaboration (Filiz et al., 2025). The statement “Using AI to solve problems is important 

to me" indicates that AI can tailor learning materials to each student’s needs, thereby making the 

learning process more focused. Technology is not simply an additional tool but a crucial part of 

preparing students to face the challenges of the digital age (Fajriati et al., 2024). Furthermore, other 

research suggests that AI enables adaptive learning by tailoring materials based on students’ needs, 

interests, and abilities (Anas & Zakir, 2024). 

The use of AI in chemistry learning has implications for improving the quality of learning 

through the visualisation of abstract concepts, simulations, and personalised learning, thereby 

increasing student engagement, critical thinking, problem-solving, and self-efficacy in understanding 

the material more meaningfully and contextually, with real-world and work-world applications. 

Teachers and schools need to integrate AI in a balanced way alongside learning strategies that 

encourage social interaction, creativity, and character development. Further research is recommended 

to develop AI-based learning models integrated with constructivist, inquiry-based, and collaborative 

approaches, and to conduct experimental and longitudinal studies to examine long-term impacts while 

expanding research on variables such as creativity, digital literacy, and social factors that influence the 

application of AI in education. 

 

4. CONCLUSION  
This study shows that the use of AI in chemistry instruction in vocational high schools 

positively impacts students' problem-solving, self-efficacy, and the meaningfulness of learning. One-

way ANOVA results showed no differences in AI use between classes, indicating equitable acceptance 

and the potential for widespread AI implementation. AI provides flexibility to learn anytime, anywhere 

and supports the development of students’ character and social skills. Concept visualisations, reaction 

simulations, and AI-based guidance can facilitate students' understanding of the material, increase their 

interest in participating in lessons, and develop the critical, logical, and strategic thinking needed in 

the workplace. AI also strengthens the meaningfulness of learning by connecting the subject matter to 

students' real-life and vocational contexts. The integration of AI into chemistry learning in vocational 

high schools has great potential to create a more adaptive, interactive, and contextually relevant 

learning process, aligned with the needs of the times and the demands of the workplace. AI not only 

addresses learning challenges but also opens new opportunities for sustainable innovation in vocational 

education. The use of AI in chemistry learning has the potential to improve learning quality through 

visualisation of abstract concepts, simulations, and personalised learning that encourage student 

engagement, critical thinking, problem-solving, and self-efficacy. Teachers and schools need to 

balance AI implementation with learning strategies that foster social interaction, creativity, and 

character development in students. Further research is recommended to develop AI-based learning 
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models integrated with constructivist, inquiry-based, and collaborative approaches and to test their 

long-term impact through experimental and longitudinal studies. 
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