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ABSTRACT

	With the rapid advancement of AI, industries worldwide are being transformed, from automotive technologies that increasingly rely on smart systems, automation, and data-driven solutions. In the Philippine higher education context, traditional automotive instruction has relied heavily on mechanical and technical skills, while integration within teaching and learning remains limited. This present study explores how AI can reimagine automotive instruction by investigating instructors' perceptions of their awareness and readiness, challenges, and anticipated impact on teaching and student learning outcomes. This study used a descriptive research design and included ten purposively selected automotive technology instructors from a higher education institution in northern Philippines. It utilized structured questionnaires and semi-structured interviews that allowed the gathering of data through both quantitative and qualitative analyses. Generally, instructors have positive perceptions about AI because it can help improve the quality of learning, offer personalized instruction, and increase motivation with simulations and interactive tools. Respondents have expressed their willingness to adopt AI; however, deficiencies in technical knowledge and a number of challenges that were identified, such as cost, technical reliability, and data privacy, are some concerns. For the instructors, AI will be an important tool in the future of automotive education to promote innovation, modernization, and alignment with Industry 4.0 standards. The study recommends that higher education institutions invest in AI resources, provide professional development for instructors, and develop policies to address technical, financial, and ethical challenges. By leveraging AI thoughtfully, Philippine higher education can better provide a world-class learning experience in automotive instruction toward producing industry-ready graduates and building the nation's capacity to respond to emerging technological trends.
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【In general, the abstract is clear in meaning, but it could be better if it can be revised into a more concise and succinct version.】
1. INTRODUCTION

With the growing increase of digital technologies, automation and artificial intelligence, automotive industry is also rapidly changing. These have transformed how vehicles are designed, manufactured, and maintained into smarter, safer, and more efficient systems (World Economic Forum, 2023). Artificial Intelligence-driven technologies such as autonomous driving, predictive maintenance, and computer-assisted diagnostics are now at the core of this industry. This involves a requirement that the workforce should not only be mechanically skillful but also highly competent in terms of AI and digital systems.
Traditional automotive instruction relies heavily on manual training and workshop-based activities that center around mechanical expertise. These, though quite efficient in building foundational skills, cannot easily keep pace with the rapid technological changes happening in today's automotive world, according to Gonzales & Tan, 2022. Students must be knowledgeable enough to work with advanced electronic systems, sensors, data analytics, and software-driven controls in order to be prepared for Industry 4.0 and beyond.
According to Zawacki-Richter et al. (2019), AI applications in education can help personalize instruction, automate assessment, and build adaptive feedback to support diverse learning needs. In automotive education, AI-enabled simulations and virtual environments can realistically model real-world systems, such as electric drivetrains and autonomous controls, allowing students to practice troubleshooting in safe, controlled digital environments (Li et al., 2021). These technologies foster conceptual understanding, critical thinking, and engagement while overcoming the limitations of physical laboratories and expensive equipment. 
Also, AI-powered tools can help instructors through the processing of students' performance data, identification of learning gaps, and recommendations for targeted interventions. Such data-driven mentoring allows the teacher to focus more time on mentoring and skills development rather than repetitive assessment tasks UNESCO 2021. It also furthers competency-based education for the clear acquisition of technical and digital skills that are required in the changing dynamics of the automotive industry (Ruiz & Fernandez, 2021). On the other hand, there are several challenges related to integrating AI into automotive instruction, such as a lack of technological infrastructure, untrained faculty, data privacy issues, and high costs associated with implementing advanced educational technologies Holmes et al., 2022. Their successful adoption requires institutional readiness, supportive policies, and collaboration between educational institutions, government agencies, and industry partners. Despite such challenges, the potential benefits of AI in providing teaching effectiveness and student preparedness are considerable.
Rapid transformation is, therefore, underway in the global automotive industry as a result of digitalization, automation, connectivity, and artificial intelligence, generally represented as part of Industry 4.0. As such, there is a need for educational programs in automotive technology to adapt, lest the skills and knowledge developed in colleges and universities become outdated. The previous, mechanical system-based educational approach in higher learning institutions is no longer adequate in developing skills for graduates who have to work with smart vehicles and AI‑enabled diagnostics, and advanced manufacturing systems (Sudsomboon, 2023). For the Philippines, institutions of higher education and technical‑vocational training authorities have been focusing on the need for curriculum restructuring in colleges and universities to focus on Industry 4.0 competencies such as digitization, automation, and smart systems that will keep graduates relevant to the job market (Technical Education and Skills Development Authority [TESDA], 2022).
Running parallel to this industrial shift, the Philippine higher education sector has increasingly recognized the potential of AI to transform teaching and learning. Studies show that the awareness of AI tools among faculty is increasing and students are increasingly using AI for learning tasks, signaling an educational environment in transition. Universities have begun implementing AI‑integrated classrooms and developing institutional guidelines for AI use, demonstrating a national push toward digital pedagogy (Times Higher Education [THE] & Tammy.Tang, 2024). Yet, while these developments are promising, there remains a gap in how AI is applied specifically to hands‑on technical fields like automotive technology instruction, where immersive learning, simulation of real‑world systems, and practical diagnostics are central.
Technical and vocational institutions play a crucial role in the Philippine setting in providing skilled workers for the automotive sector. However, several of these programs are still highly dependent on traditional teaching methods and utilize very outdated equipment (Department of Science and Technology, 2022). The consequence is an increasing gap between the skills provided at school and the competencies required in the contemporary automotive industries. Academic institutions should therefore consider novel teaching methods that will introduce AI and digital technologies into technical education.
The integration of AI in automotive instruction into the curriculum represents a strategic opportunity for modernization and a further strengthening of alignment with global standards at a higher education institution in northern Philippines. In view of changing times, the institution will reimagine how automotive courses are delivered and thereby increase student engagement, better personalize learning experiences, and prepare graduates for an increasingly digital automotive environment.
In this respect, the current research explores the role of AI in reimagining automotive instruction in Philippine higher education by investigating instructor perceptions of their readiness and challenges in implementing AI-driven tools, such as simulations, adaptive learning systems, and data-driven diagnostics, into automotive technology programs. This current research is timely and relevant because it addresses two imperatives: modernizing automotive education and leveraging AI's pedagogical capabilities. It will also indicate how these technologies can be aligned with local institutional conditions, instructor competencies, and industry needs to provide a roadmap for effective implementation and sustained transformation. Thus, this study aims at reimagining automotive instruction in Philippine higher education through artificial intelligence (AI).

[This introduction is essential, but in order for readers to have a clear understanding of the literature review and research objective(s), it seems necessary to divide this section into three parts including Intro, Lit Review, and Objectives. This division can help highlight the gaps to fill in this project.]

2. methodology

This study adopted a descriptive research design to systematically explore perceptions of readiness, challenges, and the projected impact of AI in automotive instruction in Philippine higher education. Descriptive research is applicable in studies that are aimed at describing characteristics, attitudes, or opinions among a population without manipulating variables. McMillan and Schumacher (2010) describe that through this approach, information on how instructors of automotive classes view the integration of AI, their level of preparedness, challenges, and possible outcomes of AI adaptation to teaching was obtained in detail.
Respondents in this study were automotive technology instructors from a higher education institution in northern Philippines. Purposive sampling was used to select a sample of participants who have experience teaching automotive courses and have exposure or interest in emerging educational technologies. This sampling strategy was appropriate because it ensured that the respondents could provide relevant responses regarding AI integration. A total of ten instructors participated in this study, each with different lengths of teaching experience and from different institutional contexts.
Data was collected using a structured questionnaire and interviews to capture both quantitative and qualitative information. The questionnaire included Likert-scale items measuring instructors' perceptions, readiness, and views about the challenges and impact of AI. Semi-structured interviews allow the participants to elaborate on their experiences and provide richer insights into how AI could transform automotive instruction. Data collection was carried out with the necessary observance of ethical considerations: it had to be voluntarily provided, with informed consent, and assurance of confidentiality.
Quantitative data from the questionnaire were analyzed with descriptive statistics, such as frequencies summarizing the perceptions, readiness, and attitudes of respondents toward AI. Qualitative data collected through interviews analyzed themes, patterns, and recurring ideas about the adoption of AI, challenges, and impacts on instructions. By integrating these quantitative and qualitative analyses, the current state of AI integration in automotive education was holistically captured. This present research draws upon Creswell (2014) and Patton (2014).[This sentence could be moved to the first para. ]

[bookmark: _GoBack][ In general, this part is well-written. It could be better if the number of the participants were provided. Likert-scale is flexible, depending upon how the researcher employed it in the study. Thus, it seems necessary to tell readers of the specific numerical scale used here, 5, 7 or 10. Furthermore, descriptive statistics are essential. However, inferential statistics are more significant and convincing than descriptive ones because they indicate the outcomes yielded from this study can be generalized into a broader community or a larger population. Hence, it is desirable that the researcher provide some inferential statistics. ]


3. results and discussion

The article interprets the findings from an investigation on how Artificial Intelligence can be integrated into automotive instruction in Philippine higher education settings. The results were extracted from the experiences, perceptions, and views of instructors and academic heads in the field of automotive technology who participated in in-depth surveys and focus group discussions. From their narratives, emerging themes about instructional innovation, technological readiness, pedagogical transformation, and institutional challenges to adopting AI-infused approaches emerged. These findings link back to various literature and theoretical perspectives on how AI can reimagine traditional automotive teaching with adaptive learning, data-informed instruction, and greater industry alignment within Philippine educational settings.
3.1 Perception of AI in Automotive Instruction
The results show highly positive perceptions among respondents regarding the integration of Artificial Intelligence in automotive instructions. Most of the instructors (How many? Data or Percentage?) strongly agreed or agreed with statements that outline the benefits of AI in the improvement of quality, engagement, and personalization of automotive training.
Most of the respondents believed that AI has the potential to improve the quality of automotive training, with 5 strongly (better to present number with percentage to make the data more convincing.) agreeing and 4 agreeing. This suggests that educators view AI as beneficial in making improvements to instructional delivery, diagnoses (diagnostic?) accuracy, and (the) efficiency of learning processes. This supports the work of Luckin & Holmes (2016), who explain (ed?) that AI technologies have the potential to enhance instructional quality by automating routine tasks, offering real-time feedback, and allowing instructors to focus on higher-level teaching functions.
Additionally, all participants strongly agreed (4, percentage) or agreed (5) that AI tools can make learning more engaging and interactive. This reflects the belief that these AI-driven technologies, such as intelligent tutoring systems, chatbots, and virtual assistants, are capable of raising student motivation and participation. According to Holmes et al. (2019), AI fosters interaction in learning through adaptive delivery of content for active engagement and immersive simulations to provide deeper understanding. (It seems better to say that the responses echo Holmes’ statement that…., so as to highlight their relevance and the contribution of this finding.)
Most of the participants (How many?) agreed that real-life automotive scenarios are well emulated using AI-based simulations, while one strongly agreed and another disagreed. The results of this study indicate a general belief in AI's ability to model authentic mechanical processes and the systems of vehicles. However, a minority of professionals (how many?) still question the accuracy and reliability of simulated experiences. This agrees with the assertion made by Baker et al. (2019) that while educators recognize the benefits of using AI-based simulations to create safe and inexpensive training environments, many have qualms about their capacity to fully emulate the hands-on nature of real automotive work.
Speaking of AI's capability for personalized learning, a majority of 4 strongly agreed and 5 agreed (It may be better to say “9 participants agreed including 4 of them who strongly agreed”.) that AI can tailor instruction to meet the needs of individual learners. This result suggests that the instructors are aware of the capability of AI to monitor students' performance and prepare lessons accordingly. (Better to highlight the relevance.) Zawacki-Richter et al. (2019) note that the AI applications in higher education improve learning outcomes through the offering of personalized feedback and adaptive learning pathways which address varying levels of student competencies.
Lastly, most participants (8 of them?) agreed that AI can help in the identification and addressing of learners' weaknesses efficiently (2 strongly agree, 6 agree, 1 disagree). It thus appears that educators acknowledge the diagnostic role of AI in analyzing performance data to provide targeted interventions. (Relevance between…?) According to Wei et al. (2020), AI analytics have the potential to help educators keep track of progress, locate gaps in learning, and deliver timeliness remediation-all to make instruction more responsive and data-driven. 
[bookmark: OLE_LINK1]The findings indicate that automotive technology instructors consider AI as a promising tool in enhancing instructional quality, engagement, and supporting learners in Philippine higher education. Though there are minor concerns about the authenticity of simulations, the general perception denotes optimism in the potential of AI to transform the traditional teaching of automotive into a more efficient, interactive, and personalized learning experience.
3.2 Acceptance and Readiness of AI Use
The results confirm a high level of acceptance and readiness of automotive technology instructors regarding using AI in instruction. Overall, the responses indicated openness to adopting AI tools, confidence in the impact of AI on education, and willingness for professional development to enhance competencies in this emerging area.
A majority of the respondents (5 strongly agree and 4 agree, percentage?) showed openness to the use of AI-powered tools in automotive instruction, thus demonstrating a strong disposition toward embracing technological innovations that have the potential to modernize the teaching and learning process. Teo (2018) has also argued that instructors' positive disposition toward educational technologies serves as one of the most important factors in successful technology integration and appropriation for actual classroom use. Almutairi et al. (2025) further reported that teachers' acceptance of AI greatly depends on perceived usefulness and compatibility with their existing pedagogical practices, both of which seem high among the respondents. (This research agrees with them? An explanation seems necessary.)
However, regarding knowledge and competence, one strongly agreed, and eight agreed that they have enough understanding to integrate AI into teaching and learning. While the overall response remains positive, this would suggest that instructors recognize a need for deeper technical and pedagogical preparation before fully implementing these AI-driven tools. As pointed out by Zawacki-Richter (2019), educators are often enthusiastic about AI but lack the specialized training needed to make effective use of it in discipline-specific contexts, such as automotive technology, where technical precision and safety are critical.
When questioned about their confidence in AI having a positive effect on automotive education, the greater (great?) majority of responses were positive, with 3 strongly agreeing and 6 agreeing. This reassures that AI will enhance teaching efficiency, assessment precision, and students' learning interest. According to Luckin & Holmes (2016), educators' confidence in AI is based on its potential to enhance adaptive learning environments by automating feedback mechanisms that can free the teacher to devote more time to higher-order teaching strategies. Additionally, the findings reveal that (the?) instructors are willing to receive training for the use of AI-based systems, with 5 strongly agreeing and 4 agreeing. This underlines the commitment of instructors to professional growth and innovation. This assertion supports the argument made by Holmes et al. (2019) that teacher readiness concerning AI integration is related not only to existing knowledge but also to the intent to learn and become familiar with new technologies. To this end, sustaining this readiness requires training sessions that combine technical skill development with pedagogical application.
Finally, a majority of the respondents strongly agreed or agreed that institutions offering automotive programs need to invest in AI technology (4 strongly agree and 5 agree, percentage), reflecting awareness of the institutional role in facilitating technology adoption. (The?) Respondents seem to hold the view that investment by an institution in infrastructure for AI such as intelligent tutoring systems, virtual labs, and diagnostic simulators could improve teaching effectiveness and prepare students for Industry 4.0. This finding aligns with Baker et al. (2019), who emphasized that support by an institution through resource allocation can help maximize the full potential of AI in education. 
The results describe a group of (ten? Better to show the number directly to readers) educators who are highly accepting and optimistic about AI integration but at the same time realize that continuous training and support from the institution are imperative. Their preparedness underlines the burgeoning movement in Philippine higher education toward embracing new technologies that can redefine automotive instruction through innovation, personalization, and industry alignment.
3.3 Perceived Challenges and Concerns
The results show that, although the overall attitude of the respondents is positive toward the integration of AI in automotive instruction, several challenges and potential barriers to its successful implementation have also been identified. These include implications of cost, technical issues, data privacy, role displacement, and inadequate training.
Most of the respondents believed, and 2 strongly agreed and 7 agreed, that this may be expensive to incorporate AI into automotive instruction; it shows awareness that integrating AI-powered systems, intelligent diagnostic tools, and virtual automotive simulators in any school requires a great financial investment. This concern is supported by Baker et al. (2019), who found that the high cost of AI technologies, software licenses, maintenance, and necessary infrastructure upgrades often inhibits these technologies from being widely adopted into education, especially in resource-poor environments such as the Philippines. Zawacki-Richter et al. (2019) also stressed that the financial readiness of the higher education institutions remains a critical factor in pursuing sustainable AI integration. (Better to make the current findings more relevant to others’)
There was a mixed response to the concern that the integration of AI will replace some of the traditional roles of instructors: 3 strongly agreed and 4 agreed, while 2 expressed disagreement. Although most showed fear regarding this matter, several were unconvinced that AI does pose a serious threat to instructors' jobs. This has presented a continuous struggle between the benefits of automation and fears over job loss. According to Holmes et al. (2019), many educators fear that AI may devalue human expertise by automating routine instructional tasks. On the other side, however, Luckin & Holmes (2016) emphasized that AI is more likely to enhance rather than replace teachers, in that it frees them from administrative work and can enable them to focus on tasks like mentoring, creativity, and problem-solving.
Most of the respondents think that technical issues may inhibit effective AI-based instructions; 6 strongly agreed and 3 agreed. It (This?) means the educators are very conscious that problems with connectivity, malfunctioning of software, and lack of technical support can damage the processes of teaching and learning. Chen et al. (2020) also indicated that technical infrastructure and system reliability are one of the most common barriers to AI adoption in educational settings, with the problem especially being felt in regions with limited access to digital resources.
[bookmark: OLE_LINK2]Other issues raised concern data privacy and security, where 4 strongly agreed and 5 agreed that data privacy and security issues are a big challenge in the use of AI tools. Indeed, respondents felt that most AI systems require volumes of learner data, which begs questions regarding how the information is stored, shared, and protected. This agrees with Williamson and Eynon (2020), who noted that data ethics and student privacy are an important issue in the adoption of AI in education; poor handling of data will erode trust among educators and learners.
Lastly, most of the respondents believed that a lack of training could be an inhibitor to AI adoption in automotive instruction: 3 strongly agree and 6 agree. This finding underlines the need for continuous professional development and institutional support necessary for enhancing instructors' technical and pedagogic skills about AI. Teo (2018) and Almutairi et al. (2025) emphasized that educators' readiness to adopt new technologies depends not only on positive attitudes but also on adequate training and institutional support systems. 
The findings indicate that higher education automotive technology instructors in northern Philippines are optimistic about the potentials of AI but cautious about its practical challenges. Concerns on cost, technical reliability, privacy, and training emphasize the need for comprehensive institutional planning and capacity-building programs to ensure effective and ethical implementation of AI in automotive instruction.
(It seems that this indication lacks firm evidence because only ten participants in one institution answered the questionnaires. Thus, the author needs to change the wording here in order to make the indication read more convincing to readers.)
3.4 Overall Impact of AI in Automotive Technology and Future Outlook
The results in this section demonstrate a very (sounds a bit subjective) optimistic outlook from the respondents on the role of AI in transforming the future of automotive technology education. (The?)Respondents, for all indicators, either strongly agreed or agreed that AI will have a significant and positive influence on how automotive instruction is delivered, how students learn, and how institutions modernize their technical programs.
Most of the respondents believe that AI will eventually change how automotive instruction is delivered, with 3 strongly agreeing and 6 agreeing. This suggests a very strong belief in AI's potential for redefining conventional teaching practices through automation, data-driven personalization, and intelligent feedback mechanisms. This supports the argument of Luckin & Holmes (2016) that the role of AI can be seminal in revolutionizing educational systems by augmenting teachers' instructional capabilities and facilitating adaptive, individualized learning pathways. For automotive education, this can be AI-based diagnostic training, smart simulations, and intelligent tutoring systems that are similar to real industrial practices.
In a similar way, all the respondents strongly agreed (4) or agreed (5) that the integration of AI will lead to better learning results in students. The consensus here illustrates that educators consider AI to be not just a technological advancement but a pedagogic enhancement that will lead to increased understanding and performance of students.(could be more concise.) According to Holmes et al. (2019), AI supports better learning outcomes through constant assessment, adaptive feedback, and engagement strategies promoting self-paced and mastery-based learning. In technical education, where the acquisition and practice of skills are involved, AI can facilitate immediate feedback and error analysis, improving learning efficiency and precision.
The belief that the future of automotive education depends on AI adoption also received strong agreement (3 strongly agree, 6 agree). This reflects the awareness of instructors about the importance of technological innovation—specifically, AI—at the heart of aligning education with the demands of Industry 4.0 and the rise of smart, connected vehicles. Chen et al. (2020) and Wei et al. (2020) supported that integration of AI is increasingly becoming a key factor in determining the relevance of educational institutions to produce graduates with future-ready skills in the fields of automation, mechatronics, and intelligent systems.
Furthermore, the statement that AI will promote innovation and modernization in the automotive programs received very strong support, with 2 strongly agreeing and 7 agreeing that AI will drive curriculum innovation and result in a more technologically advanced learning environment. This supports the view of Zawacki-Richter (2019), who reported that AI serves as a driver for modernization in education through digital transformation that allows the redesign of curricula to encompass emergent technologies. At an automotive program level, this may mean integrating AI fault detection systems, autonomous vehicle technologies, and predictive maintenance within course work and laboratories.
Most of all, the majority of the respondents agreed that AI is the future of automotive instruction, with 3 strongly agreeing and 6 agreeing that AI will not be optional but rather will be an integral part of how technical education evolves. This perspective resonates with the argument by Baker et al. (2019) that AI indeed is one of those forces for change, fundamentally altering how institutions must prepare students for technologically driven industries. Similarly, Almutairi et al. (2025) commented that educators increasingly view AI as indispensable to sustaining innovation, competitiveness, and alignment with global technological trends. 
In other words, the findings have shown that instructors in automotive technology regard AI as a driver of educational transformation for effecting changes in teaching delivery, bringing improvement in student learning outcomes, and maintaining program relevance in the intelligent systems age. Their shared optimism hints at the forward direction where the integration of AI is not viewed as a luxury but a necessity toward furthering the cause of automotive instruction and providing students with the competencies that the constantly evolving motor industry will demand from them.


4. Conclusion

The findings indicate that automotive technology instructors in a higher education from northern Philippines view AI in instruction favorably, offering very promising opportunities to enhance quality training, leading to personalized learning and increasing student engagement with the use of interactive and realistic simulations. Generally, willingness is expressed by the instructors to adopt AI. They feel confident that AI will bring better learning outcomes and are ready for training in integrating it. With regards to the gaps in AI knowledge, this result shows a growth-oriented mind which is in great recognition that AI will complement traditional teaching methods and will drive innovative ideas in automotive education.
Despite optimism, instructors identified several concerns and challenges that include cost, technical reliability, data privacy, potential role displacement, and the need for proper training. Such matters would require institutional support, investment in AI resources, and professional development programs. Generally, respondents agree that AI is indispensable in the future of automotive instruction. It could transform teaching delivery, modernize programs, and align education to meet Industry 4.0 standards. These findings suggest that, with strategic planning and support, AI can serve as a key driver of innovation and quality in automotive technology education.
Based on the findings of this study, it is suggested that all educational institutions should proactively support AI integration in automotive technology programs through such means as investing in AI tools and software, upgrading laboratory facilities, and offering structured professional development programs for instructors. In the context of educators themselves, improving knowledge and skills regarding AI-based instruction will ensure that instructors are well prepared to fully utilize AI for improved student learning outcomes, engagement, and application in real-world situations. 
Furthermore, institutions should establish policies and develop strategies that can help address challenges related to the adoption of AI, including cost management, technical issues, data privacy, and potential role displacement. Clear guidelines, continuous technical support, and innovation culture can reduce such concerns while fostering responsible and effective use of AI in teaching. Therefore, educators are encouraged to collaborate with industry partners and technology providers to ensure the integration of AI aligns with current standards of the automotive industry, enabling learners to meet future workforce demands.



Consent

Informed consent was obtained from all participants prior to the conduct of interviews and administration of questionnaires. Respondents were clearly informed about the purpose of the study, the voluntary nature of their participation, and their right to withdraw at any time without penalty. All data collected were kept strictly confidential and treated with utmost privacy; responses were anonymized, and all information was securely stored to prevent unauthorized access. The results were reported in aggregated form only, ensuring that no individual participant could be identified. These measures ensured compliance with ethical standards governing research involving human participants.

Ethical approval

The study was, therefore, conducted in accordance with ethical standards that protect the privacy and rights of all participants. The researcher sought formal permission from the head of the department in which the participant institution falls prior to the collection of data. This would ensure that the study conformed to institutional policies, fit within academic protocols, and was clearly presented in terms of purpose, scope, and procedures.

(It seems necessary to provide the related Ethical approval Number and related authorities. Also, it is necessary to attach related questions of the questionnaires and interviews for readers’ and other researchers’ information.)
(The latest APA style should be strictly abided by.)
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