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	Integrating artificial intelligence into vocational education is increasingly vital for enhancing students hots skills. This study investigates the impact of the Meta AI Chatbot, integrated with WhatsApp, on the critical high-level critical thinking abilities of vocational students in Automotive Engineering Fundamentals. The study employed a quantitative and quasi-experimental design featuring a nonequivalent control group. The experimental cohort utilized the Meta AI Chatbot, while the control cohort adhered to conventional learning techniques. Data were gathered through critical thinking tests and analyzed using descriptive statistics and inferential tests, including normality and homogeneity tests, an independent t-test, and simple regression with ANOVA. The independent t-test yielded a t-value of 2.466 with df = 38 and a significance level of Sig. (2-tailed) = 0.018, which is below the 0.05 threshold, leading to the acceptance of the alternative hypothesis (H₁). The ANOVA result was 0.029 (p < 0.05), indicating that the use of the Meta AI Chatbot integrated with WhatsApp significantly influences students critical thinking skills. This study is innovative because it uses the Meta AI Chatbot, directly integrated with WhatsApp, as a cognitive scaffolding tool within automotive vocational education. The findings offer both theoretical contributions to strengthening technology-based, constructivist learning and practical insights for vocational teachers on integrating AI as an innovative tool to cultivate 21st-century competencies, including critical analysis, within vocational contexts.
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INTRODUCTION
Vocational education is essential in preparing a competent workforce ready to face the ever-changing demands of the industrial world. Vocational High Schools (SMK) aim not only to transfer technical competencies but also to enhance higher-level cognitive skills, including critical thinking. Critical thinking skills facilitate the analysis of technical issues, the assessment of information, and the formulation of informed decisions in practical work scenarios (Kurniawan & Suryadi, 2023). However, learning practices in many vocational schools still tend to focus on mastering procedures and memorizing material, leaving limited room for developing critical thinking. Advances in artificial intelligence (AI) technology have opened new opportunities to enable more adaptive, interactive learning processes. In particular, AI-based chatbots enable two-way interaction between students and learning systems, providing real-time feedback and facilitating concept exploration through dialogue. Previous research indicates that the efficacy of chatbots can increase learning motivation, student engagement, and potential for critical thinking when integrated with appropriate learning design (Fidan & Gencel, 2022). However, empirical evidence on the use of AI chatbots in vocational education, particularly in automotive engineering subjects, remains very limited.
One relevant AI application is Meta AI Chatbot, which is integrated with WhatsApp. This integration offers accessibility advantages because WhatsApp is a very common communication platform among students. Using a chatbot on this familiar platform is expected to lower the barrier to technology adoption and allow students to interact with AI systems without the need for additional software or intensive technical training (Yusuf & Widodo, 2023). However, despite this significant potential, a critical question remains: does the use of the Meta AI Chatbot truly transform the way students think and learn critically, or does it simply facilitate access to information without substantively fostering higher-order thinking skills?
In the technology education literature, there is a debate about the role of AI in learning. Some researchers argue that AI can expand learning capacity by providing personalized and adaptive support that teachers alone find difficult to achieve. Conversely, critics of AI worry that reliance on AI can weaken students cognitive engagement and reduce opportunities for independent thinking. This issue is particularly relevant when interactions focus on finding quick answers rather than in-depth problem-solving (Luckin et al., 2022). Therefore, empirical research assessing the effect of AI on students critical thinking in vocational education warrants examination.
This study explores the impact of Meta AI Chatbot on vocational high school students critical thinking ability in Automotive Engineering Fundamentals. The main research question is: Do students who learn with the help of Meta AI Chatbot demonstrate higher critical thinking skills than students who learn using conventional methods?
The research enhances the understanding of vocational education and educational technology. Theoretically, this research broadens the understanding of how AI can be used not solely as a source of information and additionally as a tool to stimulate higher-order thinking skills (Crompton et al., 2022). In practice, the study results may inform recommendations for educators on designing learning strategies that integrate AI with appropriate pedagogical approaches, particularly in vocational schools that prepare skilled, critical-thinking workers.
The novelty of this research lies in the use of a Meta AI Chatbot integrated directly with the WhatsApp application as cognitive scaffolding in automotive vocational education learning at vocational high schools. Unlike previous studies that generally examine AI chatbots in the context of general education or higher education, this study empirically tests the effect of using conversation-based AI on vocational high school students critical thinking skills in the Automotive Engineering Fundamentals subject. Furthermore, this study combines Respondent Achievement Level (TCR) analysis, mean difference test, N-Gain test, and regression analysis to over a thorough comprehensive picture of the teaching efficiency of AI chatbots in the context of technical competency-based learning (Hwang & Tu, 2023). The main conclusion expected from this study is that integrating Meta AI Chatbot into the automotive engineering learning process will significantly enhance students critical thinking abilities, as evidenced by a comparative analysis of learning outcomes between the experimental and control cohorts.

METHOD
This analysis used a quantitative, quasi-experimental design with a nonequivalent control group. The study was conducted at one of the Vocational High Schools (SMK) in Indonesia on Automotive Engineering Basics.
The study involved two groups an empirical cohort of 20 participants and a control cohort of 20 participants. The trial group used the MetaAI Chatbot via WhatsApp, whereas the control group used traditional pedagogical techniques. The research instrument was a critical thinking ability test designed based on higher-order thinking indicators and underwent validity and reliability testing.
Data analysis was carried out using descriptive statistics to describe students critical thinking abilities, as well as inferential statistics. The study employed normality and homogeneity assessments, independent t-tests, and simple regression analysis with ANOVA to assess the effect of Meta AI Chatbot on students' critical thinking skills.
Although the sample size in this study was relatively small, the quasi-experimental design with experimental and control groups, along with the equivalence of initial abilities based on pretest results, ensured adequate internal validity. Furthermore, all data met the assumptions of parametric statistical tests, ensuring that the analysis still provided a relevant empirical picture of automotive vocational learning in vocational high schools. This research is positioned as a contextual study that can serve as a basis for further research with a larger sample.

RESULTS AND DISCUSSION
[bookmark: X667e072c1b14013ce98a9fee753661fd3d76e2b]3.1 Results
3.1.1 General Overview of Research Implementation
This research was conducted on tenth-grade students in the Automotive Expertise Program at SMK Negeri 1 Tambang. The study comprises two groups: an trial group and a control group, each containing 20 participants. The experimental group used a learning intervention with the Meta AI Chatbot in the WhatsApp application, while the control group received conventional learning without an AI-based chatbot.
Learning in the experimental class is designed around dialogue, concept exploration, and automotive technical problem-solving. Students are encouraged to actively interact with MetaAI through analytical questions, case discussions, and concept clarification, while the teacher takes on the role as facilitator, guiding the critical thinking process and validating the resulting answers.
3.1.2 Respondent Reach Rate (TCR)
The results of the Respondent Achievement Level (TCR) analysis indicate that students responses to the MetaAI Chatbot were in the fairly good category. This indicates that students accepted chatbots as a learning support tool and used them to understand the Fundamentals of Automotive Engineering material.
The TCR of students ability on critical thinking skills was also in the fair to good category, indicating that students were beginning to become accustomed to analyzing, evaluating, and reasoning in their learning. This finding confirms that the Meta AI Chatbot serves not only as a source of information but also as an initial stimulus in developing students' critical thinking skills.

3.1.3 Analysis of Pretest and Posttest Results
The descriptive analysis indicated a post-learning increase in critical thinking scores for both groups. Nonetheless, the experimental class showed a greater increase than the control group. The experimental class posttest performance exceeded that of the control class, suggesting a beneficial impact of the MetaAI Chatbot on student learning outcomes.
An analysis utilizing the N-Gain score was performed to substantiate these findings. The findings indicated that the experimental class exhibited a moderate average N-Gain, whereas the control class was categorized as low to moderate. This suggests that MetaAI Chatbot-enhanced learning is more efficacious in enhancing students' critical thinking abilities compared to traditional instructional methods.
3.1.4 Prerequisite Analysis Test
Analysis Prerequisite Tests Before conducting hypothesis testing, the data were first tested for analysis prerequisites, including normality and homogeneity tests. Normality tests were conducted using the Kolmogorov-Smirnov and Shapiro-Wilk tests.
Table 1. Normality Test Results
	
	Class
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	DDTO Course
	Pretest Experiment Class
	.204
	20
	.029
	.957
	20
	.480

	
	PretestControl Class
	.154
	20
	.200*
	.954
	20
	.435

	
	Posttest Experiment Class
	.200
	20
	.035
	.910
	20
	.063

	
	Posttest Control Class
	.182
	20
	.080
	.924
	20
	.117


The Shapiro-Wilk test results demonstrate that the pretest and posttest data from both experimental and control groups exhibit p-values exceeding 0.05, indicating normal distribution.
The homogeneity of variance test determines whether the variances of the DDTO Learning Score data across the compared groups (Experimental Class and Control Class) are homogeneous (equal). This test is a prerequisite for conducting parametric statistical tests, such as the t-test or regression analysis.
Table 2. Results of Homogeneity Test
	
	Levene Statistics
	df1
	df2
	Sig.

	DDTO Learning Values
	Mean
	.181
	1
	38
	.673

	
	Median
	.058
	1
	38
	.811

	
	Median and with adjusted df
	.058
	1
	36,556
	.811

	
	Based on the trimmed mean
	.198
	1
	38
	.659



The test results showed a value of significance 0.673 (>0.05), indicating variances of both groups were homogeneous. With the requirements for normality and homogeneity met, further data analysis was conducted using parametric tests. By fulfilling the expectations of normality and homogeneity, the research data are declared to meet the requirements for analysis using parametric statistical tests.

3.1.5 Hypothesis Test (t-Test) and N Gain
Before the mean difference test was conducted, the data met the assumptions of the homogeneity-of-variance test. The Levene’s test showed a p-value of 0.673 (> 0.05), indicating that the variances of the two groups are homogeneous. The analysis was continued with an independent t-test assuming equal variances.
Table 3. Results of the Independent Sample t-Test
	

	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Standard Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	DDTO Learning Values
	Equal variances assumed
	.181
	.673
	2,466
	38
	.018
	4,250
	1,723
	.761
	7,739

	
	Equal variances not assumed
	
	
	2,466
	37,804
	.018
	4,250
	1,723
	.760
	7,740



The independent t-test yielded t = 2.466, df = 38, and Sig. (2-tailed) = 0.018 (<0.05). The mean difference recorded was 4.250. This result signifies a notable disparity in critical thinking skills between the experimental and control groups. The significance value (p-value) being below 0.05 leads to the acceptance of the alternative hypothesis (H₁).

Table 4. NGain Test Results
	
	Class
	Statistics
	Std. Error

	N_Gain_Score
Percent
	Experimental Class
	Mean
	37.7749
	4.18136

	
	
	95% Confidence Interval for Mean
	Lower Bound
	29.0232
	

	
	
	
	Upper Bound
	46.5266
	

	
	
	5% Trimmed Mean
	37.6511
	

	
	
	Median
	40,0000
	

	
	
	Variance
	349,676
	

	
	
	Standard Deviation
	18.69963
	

	
	
	Minimum
	.00
	

	
	
	Maximum
	77.78
	

	
	
	Range
	77.78
	

	
	
	Interquartile Range
	19.64
	

	
	
	Skewness
	-.250
	.512

	
	
	Kurtosis
	.851
	.992

	
	Control Class
	Mean
	29.5860
	3.47661

	
	
	95% Confidence Interval for Mean
	Lower Bound
	22,3094
	

	
	
	
	Upper Bound
	36.8627
	

	
	
	5% Trimmed Mean
	30.4042
	

	
	
	Median
	34.8485
	

	
	
	Variance
	241,737
	

	
	
	Standard Deviation
	15.54788
	

	
	
	Minimum
	.00
	

	
	
	Maximum
	44.44
	

	
	
	Range
	44.44
	

	
	
	Interquartile Range
	25.18
	

	
	
	Skewness
	-1,029
	.512

	
	
	Kurtosis
	-.253
	.992


Table 5. N Gain Comparison of Experimental Class vs. Control Class
	Aspect
	Experiment
	Control
	Meaning

	Mean N-Gain
	37.77%
	29.59%
	Higher experiments

	Maximum
	77.78
	44.44
	The impact of the experiment is stronger

	Variation
	Bigger
	Smaller
	Student responses were more varied

	Category
	Currently
	Low–Medium
	Superior experiment


The analysis reveals a disparity in the enhancement of critical thinking skills between the two groups. Based on the SPSS output, the average N-Gain value in the experimental class was 37.77% with a deviation of 18.70, while in the control class, the average N-Gain value was 29.59% with a standard deviation of 15.55. The N-Gain value reveals that the increase in students critical thinking skills in the experimental class is in the moderate category, while the increase in the control class is in the low-moderate category. Descriptively, this achievement confirms that learning with the Meta AI Chatbot integrated with WhatsApp is more impactful at improving critical thinking ability than conventional learning. Thus, it can be inferred that there is a substantial difference between the critical thinking skills of students who learn using Meta AI Chatbot integrated with WhatsApp and students who learn using conventional learning methods. This finding proves that the use of Meta AI Chatbot has a real impact on improving students' critical thinking skills.
In addition to demonstrating statistical significance, this study's results also indicate a meaningful pedagogical impact. This indicates a disparity in critical thinking skills between the two classes/8888888, as well as the higher N-Gain score in the experimental class. These findings indicate that the use of the MetaAI Chatbot not only produces statistically significant differences but also significantly improves the quality of students' critical thinking processes in vocational learning. 

3.1.6 Analysis of the Effect of Using Meta AI Chatbot on Critical Thinking Skills (Regression Analysis and ANOVA Test)
To assess the impact of using Meta AI Chatbot on students ability of critical thinking skills, a simple regression analysis was conducted followed by an ANOVA test.
Table 6. Regression Analysis 
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	117,522
	1
	117,522
	5,646
	.029 b

	
	Residual
	374,678
	18
	20,815
	
	

	
	Total
	492,200
	19
	
	
	


The analysis results showed an F value of 5.646 with a confidence level of 0.029 (<0.05). These findings suggest that the use of the Meta AI Chatbot integrated with WhatsApp significantly impacts students' critical thinking ability. Therefore, the research hypothesis stating that the use of an AI chatbot impacts critical thinking skills is accepted.
Theoretically, these findings align with the constructivist method, which highlights students active role in constructing knowledge through engagement and reflection. In the context of vocational education the MetaAI Chatbot serves as a digital scaffolding that helps students independently analyze automotive engineering problems, evaluate alternative solutions, and draw logical conclusions. Therefore, integrating AI-based chatbots into vocational learning can be an innovative strategy to enhance learning quality and cultivate critical thinking among students.
3.2 Discussion
The findings of this study are analyzed in relation to empirical findings, learning theory, previous research, and the context of vocational engineering education. The findings of this study indicate that the use of Meta AI Chatbot integrated with WhatsApp has a positive, major impact on students critical thinking ability in the Automotive Engineering Fundamentals subject. This finding is consistent with other research showing that AI chatbots can increase student engagement and critical thinking skills across different learning contexts when their features and design are adapted to instructional objectives (Baskara, 2023).
Theoretically, these results can be explained through constructivist theory, which states that knowledge is actively developed by students through engagement with the learning environment and problem-solving experiences. In this research, the MetaAI Chatbot serves as a digital learning environment that enables interactive dialogue, concept exploration, and reflection on students' understanding. This interaction encourages students not only to receive information but also to engage in higher cognitive processes, such as analysis, evaluation, and logical conclusion drawing, in line with the critical thinking characteristics expected in vocational learning (Deng & Yu, 2023).
Furthermore, based on the results of the Respondent Achievement Level (TCR) analysis, the majority of students were in the fairly good category in their acceptance and use of chatbots as a learning medium. This indicates that students can adapt to AI technology during the learning process. However, certain indicators showed lower achievement, suggesting that the use of AI chatbots still requires teacher guidance to maximize learning potential. This finding strengthens the argument that the use of AI in education must be designed in such a way that it functions as a thinking tool, not simply a source of instant answers—a finding that has also been a concern in the literature on chatbots in higher education and collaborative learning ( Fidan & Gencel, 2022 ).
The improvement in students critical thinking ability in the experimental class can be explained through constructivist theory, which emphasizes that knowledge is actively constructed through interaction and learning experiences. The Meta AI Chatbot acts as a digital learning environment that enables interactive dialogue, concept exploration, and reflection on student understanding. Through these interactions, students not only receive information but are also trained to examine problems, evaluate answers, and draw logical conclusions. Empirically, the analysis of students' critical thinking skills shows strong achievement, especially in the analysis, evaluation, and conclusion-drawing indicators. These findings confirm that interactive technology-based learning can encourage deeper student cognitive engagement, particularly in vocational education that demands technical problem-solving skills. Other studies have also found that the use of chatbots in the context of vocational education or specific skills can result in significant improvements in students' thinking skills and professional skills ( Rienovita, 2025 ).
The context of this research is further strengthened by the pretest results, which show that students initial abilities in the experimental and control classes were relatively equivalent, falling within the sufficient category. This equivalence enhances the validity of the experimental design by linking posttest differences to the learning intervention. Following the treatment, the experimental class exhibited greater enhancements in critical thinking ability than the control class, underscoring the superiority of AI chatbots over conventional methods. The Independent t-test results showed a notable difference in learning outcomes, favoring AI-assisted chatbot learning and suggesting greater efficacy in improving critical thinking compared to traditional approaches. This conclusion corroborates previous studies that have affirmed the beneficial effects of chatbot integration on students' critical thinking abilities (Ghafirin et al., 2024).
Furthermore, simple linear regression results indicate that the use of the MetaAI Chatbot significantly affects students critical thinking ability. In the context of automotive vocational education, the chatbot functions as a virtual tutor and cognitive scaffolding, helping students understand technical concepts, analyze automotive problems, and evaluate solutions logically and independently. The use of this technology aligns with modern pedagogical approaches that emphasize experiential learning and problem-solving.
Overall, the findings of this study offer theoretical implications for strengthening technology-based constructivist learning and practical implications for vocational school teachers in integrating AI as an innovative learning medium that supports 21st-century skills.
However, recent literature also cautions that chatbot design and features must be tailored to avoid over-reliance and to ensure that interactions truly facilitate the development of critical thinking ability (Baskara, 2023). The finding that using a WhatsApp-integrated Meta AI Chatbot improved students' critical thinking skills demonstrates that AI technology can serve as cognitive scaffolding that supports the active construction of knowledge. Dialogic interactions between students and the chatbot encourage analysis, evaluation, and reflection on understanding, which are core to higher-order thinking skills. This aligns with recent research suggesting that AI-based chatbots, when pedagogically designed, can enhance students' cognitive engagement and the quality of their thinking processes in problem-based learning and authentic contexts (Fidan & Gencel, 2022; Deng & Yu, 2023). In vocational education, this approach is particularly relevant because learning demands technical problem-solving skills that mimic real-world work situations.
This study has several limitations that should be considered. First, the duration of the MetaAI Chatbot learning treatment was relatively short, so the long-term impact on the improvement of critical thinking skills could not be fully observed. Second, this study used a small sample within a single educational unit, so generalizations from the results should be made with caution. Third, this study focused on quantitative data, so it did not delve deeply into the patterns of student interaction with the AI chatbot through a qualitative approach. Therefore, future research is recommended to involve a larger sample, a longer treatment duration, and a mixed-methods approach to gain a more comprehensive understanding.
CONCLUSION
The study concludes that integrating Meta AI Chatbot with WhatsApp enhances vocational high school students critical thinking skills in Automotive Engineering Fundamentals. Students who learned using AI chatbot support showed a greater improvement in critical thinking ability compared to students who contributed in conventional learning.
[bookmark: daftar-pustaka]Practically, the findings of this study have crucial implications for vocational high school teachers, suggesting that they integrate AI as an innovative learning medium that supports 21st-century skills, particularly critical thinking. However, the effectiveness of AI chatbots depends heavily on pedagogical design and teacher support, so that the technology is used as a thinking aid rather than simply as a provider of instant answers. Therefore, the planned and targeted integration of MetaAI Chatbots has the potential to become a related and sustainable learning strategy to enhance the quality of vocational learning in the digital era.
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