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Abstract  
The integration of artificial intelligence (AI) into STEM education provides opportunities to 
support inquiry-based and student-centered learning. However, implementing AI-supported 
learning in remote island schools remains challenging because of limited infrastructure, 
restricted digital access, and contextual educational barriers. This study examines how AI 
integrated into Ethno-STEM Project-Based Learning (Ethno-STEM PjBL) supports students’ 
science inquiry skills in remote island schools. A descriptive mixed-method approach was 
employed involving 63 junior high school students on Lae-Lae Island, Indonesia. Learning 
activities were conducted through four contextual Ethno-STEM projects related to local food 
carbon footprints, renewable energy, waste management, and traditional water filtration. AI 
tools were used to support information exploration, idea generation, project organization, and 
scientific communication. Quantitative data were collected using a science inquiry skills test 
covering six dimensions: observing, classifying, hypothesizing, experimenting, using tools and 
materials, and communicating. Qualitative data were obtained through classroom observations, 
project documentation, and reflective discussions. Results showed relatively high inquiry skill 
performance across all dimensions, with observing obtaining the highest score (87%), followed 
by communicating (79%) and using tools and materials (78%). Qualitative findings indicated 
that AI-supported inquiry activities encouraged contextual investigation, collaborative 
exploration, and stronger connections between scientific concepts and local cultural practices. 
Despite challenges related to internet connectivity and digital literacy, the study suggests that 
AI-integrated Ethno-STEM PjBL has strong potential to enhance science inquiry skills in 
geographically isolated educational settings and contributes to discussions on culturally 
responsive and technology-supported STEM education. 
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     Introduction   
The rapid advancement of digital technology and artificial intelligence (AI) has 
significantly influenced contemporary educational practices, particularly in science and 
STEM education (Almasri, 2024; Chng et al., 2023). AI-supported technologies are 
increasingly being integrated into learning environments to assist students in accessing 
information, generating ideas, organizing learning tasks, and developing problem-solving 
strategies (Jufrida et al., 2025). In educational contexts, artificial intelligence is no longer 
viewed solely as a technological innovation but also as a learning support system capable 
of facilitating more interactive, student-centered, and inquiry-oriented learning 
experiences (Karampelas, 2025). The growing use of AI-assisted tools in classrooms has 
encouraged educators to reconsider how technology can support students’ active 
participation and scientific inquiry processes during learning activities (Küçükuncular, 
2025). 
 
In STEM education, science inquiry skills are considered essential competencies that 
enable students to investigate problems, construct explanations, analyze evidence, and 
communicate scientific ideas effectively (Ješková et al., 2022). Inquiry skills involve 
various scientific processes, including observing, classifying, formulating hypotheses, 
conducting investigations, using tools and materials, and communicating findings. These 
skills are closely associated with scientific literacy because students are expected not only 
to understand scientific concepts but also to engage actively in the processes through 
which scientific knowledge is developed. Previous studies have emphasized that inquiry-
oriented learning environments contribute positively to students’ critical thinking, 
problem-solving abilities, and conceptual understanding because students participate 
directly in authentic scientific investigations (Morris, 2025; Saunders-Stewart et al., 
2012). 
 
Despite the increasing emphasis on inquiry-based STEM education, many schools 
located in remote and geographically isolated areas continue to experience substantial 
limitations in implementing inquiry-oriented learning practices. Schools in small island 
communities often face restricted access to digital learning resources, unstable internet 
connectivity, limited laboratory facilities, and inadequate instructional support 
(Maisyaroh et al., 2025). Under these conditions, science learning frequently remains 
teacher-centered and focused on memorization rather than exploration and investigation. 
As a result, students may have fewer opportunities to develop inquiry skills through 
meaningful scientific activities connected to real-life contexts. 
 
These challenges indicate the importance of learning approaches that are contextual, 
culturally relevant, and adaptable to local educational conditions (Ibnu Fitrianto & 
Muhammad Farisi, 2025). One instructional approach that has attracted considerable 
attention in STEM education is Project-Based Learning (PjBL) (Beier et al., 2019; Diana 
et al., 2021). Through project-based learning, students investigate authentic problems, 
collaborate with peers, and develop solutions through hands-on and inquiry-oriented 
activities. In remote educational settings, project-based learning may provide 
opportunities for students to connect scientific concepts with environmental and social 
issues that are closely related to their daily lives (Sigit et al., 2022). 
 
In recent years, the integration of ethno pedagogical perspectives into STEM education 
has further expanded the potential of contextual learning approaches. Ethno-STEM 
education combines scientific knowledge with local wisdom, cultural practices, and 
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community experiences to create learning environments that are more meaningful and 
relevant for students. Through Ethno-STEM learning, students are encouraged to 
reinterpret scientific concepts through local cultural contexts and indigenous knowledge 
systems (Lee et al., 2023; Sumarni & Kadarwati, 2020). Previous studies have shown that 
Ethno-STEM Project-Based Learning can support students’ conceptual understanding, 
critical thinking, creativity, and ecological awareness because learning activities are 
directly connected to contextual problems encountered within students’ communities. 
 
The integration of artificial intelligence into Ethno-STEM Project-Based Learning 
provides additional opportunities for supporting students’ inquiry processes during 
contextual investigations (Jufrida et al., 2025). AI-supported tools may assist students in 
exploring information, generating project ideas, organizing investigations, interpreting 
findings, and developing digital learning products (Kim et al., 2025). Rather than 
replacing the role of teachers, artificial intelligence may function as cognitive scaffolding 
that supports students during scientific inquiry activities. In culturally responsive STEM 
learning environments, AI-assisted exploration may also help students connect local 
wisdom with broader scientific knowledge and digital resources (Okada et al., 2025). 
 
However, most previous studies concerning artificial intelligence in education have 
focused primarily on technologically advanced or urban educational settings. Research 
examining how AI integration supports science inquiry skills within culturally responsive 
and context-based STEM learning environments remains limited, particularly in remote 
island schools. In addition, previous studies related to Ethno-STEM Project-Based 
Learning have predominantly emphasized ecological awareness, learning experiences, 
and conceptual understanding, while relatively fewer studies have investigated how AI-
supported learning environments facilitate the development of students’ science inquiry 
skills during project activities. 
 
Therefore, this study investigates the integration of artificial intelligence into Ethno-
STEM Project-Based Learning and explores how this learning approach supports 
students’ science inquiry skills in remote island schools. The study focuses on students’ 
inquiry processes during contextual projects involving local environmental and cultural 
issues, including food consumption, renewable energy, waste management, and water 
conservation. By examining students’ inquiry activities within AI-supported contextual 
learning environments, this study seeks to contribute to the growing discussion regarding 
the role of artificial intelligence in culturally responsive STEM education and remote 
educational contexts. 
 
Review of Related Literature 
The integration of project-based learning (PjBL) and artificial intelligence (AI) into 
STEM education has been widely studied for its impact on student engagement, inquiry 
skills, and academic achievement. Al-Bahadli et al. (2023) demonstrated that online PjBL 
enhances communication, motivation, and performance, while Beier et al. (2019) and 
Diana et al. (2021) confirmed its effectiveness in shaping STEM attitudes and career 
aspirations. Dias-Oliveira et al. (2024) extended these findings to business education, 
showing improvements in critical thinking and teamwork. 
 
AI-supported learning environments have emerged as transformative tools in science 
education. Almasri (2024) and Chng et al. (2023) highlighted AI’s role in facilitating 
inquiry-based learning, while Karampelas (2025) and Kunnath & Botes (2025) 
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emphasized its potential to nurture critical thinking and scientific inquiry. Studies such as 
Jin et al. (2023) and Gligorea et al. (2023) explored AI’s contribution to self-regulated 
and adaptive learning, whereas Derakhshan & Taghizadeh (2025) examined its influence 
on higher-order thinking skills. 
 
Culturally responsive approaches further enrich STEM pedagogy. Brown (2017) and 
Ibnu Fitrianto & Farisi (2025) stressed the importance of integrating local wisdom and 
equity-focused practices. Ethno-STEM models, as discussed by Sumarni & Kadarwati 
(2020) and Jufrida et al. (2025), demonstrated how contextual learning fosters creativity, 
ecological awareness, and cultural relevance. 
 
Collectively, these studies reveal a convergence of AI-supported inquiry, project-based 
learning, and culturally responsive pedagogy. Together, they underscore the potential of 
integrating AI-driven tools with contextual PjBL to enhance inquiry skills, critical 
thinking, and meaningful engagement in STEM education, particularly in diverse and 
resource-limited settings. 
 
Objective 
The purpose of this research is to explore how artificial intelligence can be integrated into 
Ethno-STEM Project-Based Learning to enhance students’ science inquiry skills in 
remote island schools. It focuses on contextual projects linked to local cultural and 
environmental issues—such as food consumption, renewable energy, waste management, 
and water conservation—while examining how AI-assisted tools support observation, 
investigation, interpretation, and communication. By aligning inquiry processes with 
culturally responsive pedagogy, the study seeks to advance both STEM education and 
AI-supported learning in resource-limited contexts. 
 
Methodology   
Research Design 
This study employed a descriptive mixed-method approach to explore how the integration 
of artificial intelligence into Ethno-STEM Project-Based Learning (Ethno-STEM PjBL) 
supported students’ science inquiry skills in a remote island school context (Kunnath & 
Botes, 2025). The study focused on examining students’ inquiry processes during 
contextual project activities and identifying how AI-supported learning tools facilitated 
scientific investigation, exploration, and communication throughout the learning process. 
A mixed-method approach was selected to obtain a more comprehensive understanding 
of students’ science inquiry skills within AI-supported contextual learning environments. 
Quantitative data were used to describe students’ science inquiry skill performance across 
several inquiry dimensions, while qualitative data were utilized to examine students’ 
inquiry experiences, collaborative investigation processes, and interactions during project 
activities. The integration of quantitative and qualitative findings enabled a deeper 
interpretation of how AI-supported Ethno-STEM learning functioned in geographically 
isolated educational settings. 
 
Research Site and Participants 
The research was conducted at a junior high school located on Lae-Lae Island, Makassar, 
Indonesia. Lae-Lae Island is part of the Spermonde Archipelago and represents a small 
island area with limited educational infrastructure and constrained access to digital 
learning resources. Most community members work in fisheries and small-scale 
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economic sectors, while educational facilities and technological access remain relatively 
limited compared to urban schools. 
 
The participants consisted of 63 junior high school students from Grades 7, 8, and 9 who 
participated in the Ethno-STEM Project-Based Learning activities. The participants were 
selected purposively based on their involvement in the learning program and project 
activities implemented during the study. All students participated in contextual project 
investigations designed to connect scientific inquiry with local environmental and 
cultural issues found in island communities. 
 
Learning Intervention 
The learning intervention was implemented through Ethno-STEM Project-Based 
Learning integrated with AI-supported inquiry activities. The learning program was 
designed to encourage students to investigate contextual environmental problems while 
integrating scientific concepts, local wisdom, and collaborative problem-solving 
activities. 
 
Four contextual projects were implemented during the learning activities: (1) local food 
carbon footprint investigation, (2) mini solar photovoltaic system development, (3) bio-
conversion-based waste bank project, and (4) traditional water filtration technology. 
These projects were selected because they reflected ecological and sociocultural issues 
closely related to students’ daily experiences in island communities. 
 
Artificial intelligence tools were integrated into several stages of project activities to 
support inquiry processes. Students utilized AI-assisted digital platforms to explore 
information related to environmental problems, generate project ideas, organize 
investigation procedures, interpret findings, and develop digital learning products. During 
project implementation, AI-supported tools also assisted students in comparing 
information sources, generating alternative solutions, and preparing project presentations. 
Teachers functioned as facilitators who guided students during inquiry activities, 
collaborative discussions, experimentation, and reflection sessions. The role of artificial 
intelligence in this study was positioned as cognitive support for inquiry-oriented learning 
rather than as a replacement for teacher instruction. 
 
Instruments 
Data collection was conducted using quantitative and qualitative instruments. 
Quantitative data were obtained using a science inquiry skills test developed based on 
several dimensions of scientific inquiry processes. The instrument consisted of 30 
multiple-choice items distributed across six inquiry skill indicators: observing, 
classifying, formulating hypotheses, conducting experiments, using tools and materials, 
and communicating findings. 
 
The inquiry skill instrument was contextualized according to the Ethno-STEM projects 
implemented during learning activities. Several test items were developed based on local 
environmental issues, including food consumption patterns, renewable energy utilization, 
waste management practices, and traditional water filtration systems in island 
communities. The instrument was designed to measure students’ ability to apply scientific 
inquiry processes within contextual problem-solving situations. 
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Qualitative data were collected through classroom observations, students’ project 
documentation, reflective discussions, and field notes recorded during project 
implementation. Observations focused on students’ inquiry behaviors, collaborative 
interactions, problem-solving activities, and the use of AI-supported tools during learning 
activities. Documentation included students’ project reports, digital learning products, 
photographs of project activities, and presentation materials. 
 
Analysis 
Quantitative data obtained from the science inquiry skills test were analyzed descriptively 
using mean scores, percentages, and category classifications for each inquiry skill 
dimension. The analysis was conducted to identify patterns of students’ inquiry 
performance across the six indicators of science inquiry skills. 
 
Qualitative data from classroom observations, reflective discussions, and project 
documentation were analyzed using thematic analysis. The analysis involved data 
reduction, coding, categorization, and interpretation to identify recurring themes related 
to AI-supported inquiry activities, contextual investigation, collaborative learning, and 
students’ engagement in scientific exploration. The integration of quantitative and 
qualitative findings was conducted to provide a comprehensive understanding of how 
artificial intelligence supported science inquiry skills development within Ethno-STEM 
Project-Based Learning in remote island schools. 
 
Findings and Discussion   
Students’ Science Inquiry Skills in AI-Integrated Ethno-STEM Project-Based Learning 
The implementation of Artificial Intelligence-integrated Ethno-STEM Project-Based 
Learning (AI-integrated Ethno-STEM PjBL) demonstrated positive patterns in students’ 
science inquiry skills during contextual project activities conducted in the remote island 
school setting. Throughout the learning process, students were actively involved in 
various inquiry-oriented activities, including observing environmental phenomena, 
classifying information and materials, formulating hypotheses, conducting simple 
investigations, utilizing scientific tools and materials, and communicating project 
findings collaboratively. 
 
The quantitative analysis of students’ science inquiry skills revealed that all inquiry 
dimensions achieved relatively high scores. Figure 1 presents the percentage scores of 
students’ inquiry skills across six indicators, namely observing, classifying, 
hypothesizing, experimenting, using tools and materials, and communicating. 
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Figure 1. Students’ Science Inquiry Skills in AI-Integrated Ethno-STEM Project-Based Learning 
 
The findings indicate that the observing skill obtained the highest score (87%), followed 
by communicating (79%) and using tools and materials (78%). Meanwhile, classifying 
and experimenting each achieved a score of 70%, while hypothesizing obtained the 
lowest score among all indicators (67%). Although variations existed across inquiry 
dimensions, the results generally suggest that students demonstrated relatively strong 
engagement in scientific inquiry activities during project implementation. 
 
The high score in observing skills indicates that students were able to identify and 
examine contextual environmental phenomena encountered in their surrounding 
communities. During project activities, students conducted direct observations related to 
local food consumption patterns, waste management practices, water conditions, and 
renewable energy utilization in island environments. The integration of AI-supported 
digital tools appeared to assist students in accessing additional information and 
comparing their field observations with broader scientific explanations obtained through 
digital exploration. 
 
Students also demonstrated relatively strong performance in communication skills. 
During project implementation, students were required to present findings, discuss 
investigation results, and explain project solutions collaboratively. Several student groups 
utilized AI-assisted digital applications to prepare project presentations, organize 
investigation reports, and develop visual learning products such as posters and 
presentation slides. These activities encouraged students to communicate scientific 
information more systematically and confidently during collaborative learning sessions. 
 
The using tools and materials dimension also showed relatively high achievement. 
Students were actively involved in utilizing scientific tools and locally available materials 
during project activities, particularly in the mini solar photovoltaic system project, waste 
management activities, and traditional water filtration experiments. Students 
demonstrated the ability to operate simple experimental tools, organize project materials, 
and conduct practical investigations related to local environmental issues. The contextual 
nature of the projects enabled students to connect scientific inquiry processes with 
everyday experiences within their island communities. 
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Meanwhile, the classifying and experimenting dimensions achieved moderate-to-high 
scores. Students were generally able to categorize information, distinguish types of waste 
materials, identify environmentally friendly resources, and organize investigation 
findings during project activities. In the experimenting dimension, students participated 
actively in designing simple procedures, testing project products, and evaluating 
investigation outcomes. However, several students still experienced difficulties in 
conducting systematic investigations independently and interpreting experimental results 
critically without teacher guidance. 
 
Among all inquiry dimensions, hypothesizing obtained the lowest score. This finding 
suggests that students experienced greater challenges when formulating predictions and 
constructing scientific explanations before conducting investigations. During several 
project activities, students were more accustomed to observing and discussing directly 
observable phenomena rather than developing predictive reasoning based on scientific 
concepts. Although AI-supported tools assisted students in generating ideas and exploring 
possible explanations, some students still required scaffolding from teachers to formulate 
logical and evidence-based hypotheses. 
 
Qualitative observations further revealed that the integration of AI into Ethno-STEM 
Project-Based Learning supported students’ inquiry activities in several ways. AI-assisted 
tools helped students search for contextual information related to local ecological issues, 
compare alternative project ideas, and access broader scientific explanations connected 
to local cultural practices. Students frequently utilized AI-supported platforms during 
brainstorming sessions, investigation planning, and project reporting activities. These 
interactions encouraged collaborative exploration and strengthened students’ engagement 
in contextual scientific inquiry. 
 
In addition, the contextual and culturally responsive nature of Ethno-STEM projects 
appeared to increase students’ participation during inquiry activities. Students showed 
greater interest when scientific investigations were directly related to familiar 
environmental problems and local community practices. Projects involving local food 
consumption, renewable energy, waste management, and traditional water filtration 
enabled students to connect scientific concepts with their lived experiences in island 
environments. This contextual connection appeared to facilitate more meaningful inquiry 
processes during learning activities. 
 
Despite the positive findings, several challenges were also identified during project 
implementation. Limited internet connectivity occasionally disrupted AI-assisted 
information exploration activities, and some students experienced difficulties evaluating 
the reliability of AI-generated information. In addition, differences in students’ prior 
digital literacy skills influenced their ability to utilize AI-supported tools effectively 
during inquiry activities. Nevertheless, collaborative learning and teacher facilitation 
helped students adapt to the use of AI-assisted technologies throughout the learning 
process. 
 
Overall, the findings suggest that integrating artificial intelligence into Ethno-STEM 
Project-Based Learning may provide meaningful opportunities for supporting students’ 
science inquiry skills in remote island schools. The combination of contextual project 
activities, local wisdom integration, collaborative investigation, and AI-assisted 
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exploration created learning experiences that encouraged students to participate actively 
in scientific inquiry processes despite existing technological limitations. 
 
The findings of this study indicate that the integration of artificial intelligence into Ethno-
STEM Project-Based Learning (Ethno-STEM PjBL) supported students’ science inquiry 
skills in the context of remote island schools. Overall, students demonstrated relatively 
strong performance across all inquiry dimensions, particularly in observing, 
communicating, and using tools and materials. These findings suggest that contextual and 
culturally responsive project activities integrated with AI-supported learning tools may 
create meaningful opportunities for students to engage in scientific inquiry processes 
despite limitations in educational infrastructure and technological access. 
 
One of the most notable findings of this study is the high achievement in observing skills. 
Students were able to identify environmental phenomena, recognize contextual problems, 
and gather relevant information during project activities related to local food systems, 
waste management, renewable energy, and water conservation. The strong performance 
in observing skills may be closely related to the contextual nature of Ethno-STEM 
learning, where students investigated problems directly connected to their everyday 
experiences in island communities. Because students interacted with real environmental 
situations familiar to their social and cultural context, inquiry activities became more 
meaningful and easier to relate to daily life. 
 
The integration of AI-supported tools also appeared to strengthen students’ observation 
processes. During project implementation, students used digital platforms to search for 
additional explanations, compare local findings with scientific information, and explore 
environmental issues beyond their immediate surroundings. AI-assisted information 
exploration provided students with broader access to knowledge sources that may 
otherwise be difficult to obtain in geographically isolated schools. This finding supports 
the view that artificial intelligence can function as a cognitive scaffolding tool that assists 
students during inquiry-oriented learning activities by supporting information access, 
idea generation, and exploratory investigation. 
 
Communication skills also showed relatively high achievement during project activities. 
Students were actively involved in presenting project findings, discussing investigation 
results, and developing collaborative explanations related to environmental problems 
encountered during learning. The project-based structure of learning encouraged students 
to communicate ideas more frequently through group discussions, presentations, and 
digital artefact creation  (Al-Bahadli et al., 2023; Dias-Oliveira et al., 2024; Owens & 
Hite, 2022). Several groups utilized AI-assisted tools to organize project reports, prepare 
presentation materials, and create visual learning products, which appeared to enhance 
students’ confidence and participation during scientific communication activities. 
 
The improvement in communication skills may also be influenced by the collaborative 
nature of Ethno-STEM PjBL. Students were required to exchange ideas, negotiate 
solutions, and explain project outcomes to peers and teachers throughout the learning 
process. Such collaborative interactions are important components of inquiry-oriented 
STEM learning because scientific understanding is often developed through social 
discussion and reflective communication (Bell et al., 2010; Gillies, 2023). In addition, 
contextual projects grounded in local environmental issues may have encouraged students 
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to communicate more confidently because the investigated problems were closely related 
to their lived experiences and community realities (Klein et al., 2021; Vare, 2021). 
 
Another important finding is the relatively high achievement in using tools and materials. 
Students demonstrated the ability to utilize scientific equipment and locally available 
materials during contextual investigations, particularly in projects involving solar energy 
systems, waste management, and traditional water filtration. This finding indicates that 
hands-on project activities remain essential for supporting inquiry skills development, 
even in schools with limited laboratory infrastructure. Through contextual projects, 
students were not only exposed to theoretical explanations but also engaged directly in 
practical investigation processes that required active manipulation of tools, materials, and 
environmental resources (Besner & Hobbs, 2013). 
 
Although students generally performed well across inquiry dimensions, hypothesizing 
showed the lowest score among all indicators. This finding suggests that constructing 
predictive reasoning and formulating scientific explanations remained relatively 
challenging for students. During several project activities, students tended to rely more 
on direct observation and procedural investigation than on abstract reasoning and 
predictive thinking. This pattern may be influenced by students’ previous learning 
experiences, which in many remote educational contexts are still dominated by teacher-
centered instruction and factual memorization rather than inquiry-oriented reasoning 
activities (Gligorea et al., 2023; Jin et al., 2023). 
 
The relatively lower performance in hypothesizing also indicates that inquiry learning 
requires continuous scaffolding and sustained exposure to scientific reasoning practices. 
While AI-supported tools assisted students in generating ideas and exploring alternative 
explanations, students still required guidance in constructing evidence-based predictions 
and connecting observations with underlying scientific concepts. This finding suggests 
that artificial intelligence alone may not automatically strengthen higher-order inquiry 
processes unless accompanied by structured facilitation and reflective discussion led by 
teachers (Derakhshan & Taghizadeh, 2025). 
 
The findings further demonstrate the important role of contextual and culturally 
responsive learning environments in supporting inquiry-oriented STEM education 
(Brown, 2017). Through Ethno-STEM PjBL, scientific concepts were connected with 
local wisdom, environmental practices, and community experiences familiar to students. 
Projects involving food consumption patterns, renewable energy, waste management, and 
water conservation enabled students to investigate scientific problems situated within 
their own ecological and sociocultural environment. This contextual connection likely 
increased students’ motivation and participation during inquiry activities because 
learning tasks were perceived as relevant and meaningful. 
 
An important contribution of this study lies in demonstrating that artificial intelligence 
integration does not necessarily diminish the role of local wisdom and contextual 
learning. Instead, AI-supported learning tools functioned as complementary resources 
that helped students expand their exploration of local environmental problems through 
broader scientific perspectives and digital information access. Students were able to 
connect traditional knowledge and local practices with scientific explanations obtained 
through AI-assisted inquiry activities. This finding highlights the potential of combining 
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culturally responsive STEM learning with digital technologies in ways that preserve local 
identity while simultaneously supporting scientific exploration and technological literacy. 
The implementation of AI-integrated Ethno-STEM PjBL also revealed several practical 
challenges. Limited internet connectivity occasionally restricted students’ ability to 
access digital resources consistently during project activities. Some students also 
experienced difficulties in evaluating the credibility and accuracy of AI-generated 
information. These findings indicate that effective AI integration in remote educational 
contexts requires adequate teacher facilitation and the development of students’ critical 
digital literacy skills. Without appropriate guidance, students may encounter difficulties 
distinguishing reliable scientific information from inaccurate or oversimplified AI-
generated responses (Sirnoorkar et al., 2024; Zhai et al., 2024). 
 
Despite these limitations, the findings suggest that integrating artificial intelligence into 
contextual and culturally responsive project-based learning may provide promising 
opportunities for supporting science inquiry skills in geographically isolated schools. The 
combination of AI-assisted exploration, collaborative project activities, and local 
environmental investigation enabled students to participate more actively in inquiry-
oriented learning processes. This study contributes to the growing discussion regarding 
artificial intelligence in education by highlighting the importance of contextual 
adaptation, cultural relevance, and inquiry-based pedagogy in the implementation of AI-
supported STEM learning environments. 
 
Limitations and Future Research 
Several limitations should be considered when interpreting the findings of this study. 
First, the research was conducted in a single remote island school with a relatively limited 
number of participants. Although the study provides important insights into the 
implementation of AI-integrated Ethno-STEM Project-Based Learning in geographically 
isolated educational settings, the findings may not fully represent the conditions of other 
remote schools with different sociocultural and technological characteristics. Educational 
environments in island communities can vary substantially in terms of infrastructure, 
digital access, teacher readiness, and local cultural practices, which may influence the 
implementation of inquiry-oriented STEM learning. 
 
Second, the study primarily focused on students’ science inquiry skills during the 
implementation of contextual project activities and did not examine long-term changes in 
students’ scientific reasoning, digital literacy, or academic achievement. The data were 
collected during a relatively limited intervention period, making it difficult to identify 
whether the observed inquiry skills could be sustained over longer learning durations. In 
addition, this study relied mainly on descriptive analysis and did not compare the learning 
outcomes with those of students experiencing conventional instructional approaches. 
 
Another limitation concerns the integration of artificial intelligence within the learning 
process. In this study, AI-supported tools functioned primarily as learning support 
systems for information exploration, idea generation, and project development rather than 
as adaptive or fully personalized AI learning environments. Differences in students’ 
digital literacy levels and familiarity with AI-assisted technologies also influenced the 
extent to which students utilized digital tools during inquiry activities. Furthermore, 
limited internet connectivity occasionally disrupted AI-supported exploration processes, 
which remains a significant challenge in remote educational contexts. 
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Future studies may expand this research by involving multiple schools from different 
island or rural regions to obtain broader insights into the implementation of AI-supported 
Ethno-STEM learning in diverse educational contexts. Longitudinal studies are also 
needed to examine the long-term influence of AI-integrated project-based learning on 
students’ inquiry skills, scientific reasoning, and sustainability-oriented behaviours. In 
addition, future research may investigate how different forms of artificial intelligence, 
such as adaptive learning systems or generative AI platforms, influence students’ 
collaborative inquiry, creativity, and problem-solving processes during STEM learning 
activities. 
 
Further investigations could also explore teachers’ readiness, ethical considerations, and 
digital equity issues related to AI integration in culturally responsive STEM education. 
Since AI technologies continue to develop rapidly, future studies should examine how 
local wisdom and indigenous knowledge can be meaningfully preserved and integrated 
within increasingly digitalized learning environments. Such investigations are important 
to ensure that technology-enhanced STEM education remains contextually relevant, 
culturally sensitive, and accessible for students in resource-limited educational settings. 
 
Conclusion 
This study explored the integration of artificial intelligence into Ethno-STEM Project-
Based Learning and examined its role in supporting students’ science inquiry skills in a 
remote island school context. The findings indicate that AI-integrated Ethno-STEM PjBL 
created meaningful opportunities for students to engage in contextual scientific inquiry 
activities connected to local environmental and cultural issues. Students demonstrated 
relatively strong performance across several inquiry dimensions, particularly in 
observing, communicating, and using tools and materials during project implementation. 
The results suggest that contextual projects grounded in local wisdom and environmental 
realities encouraged students to participate more actively in inquiry-oriented learning 
processes. Through investigations related to food consumption, renewable energy, waste 
management, and traditional water filtration, students were able to connect scientific 
concepts with their daily experiences in island communities. The integration of artificial 
intelligence further supported these inquiry processes by assisting students in information 
exploration, idea generation, project organization, and scientific communication 
activities. 
 
Although hypothesizing remained the most challenging inquiry dimension, the overall 
findings demonstrate that AI-supported learning environments may contribute positively 
to the development of science inquiry skills when integrated within collaborative and 
culturally responsive project-based learning activities. The study also highlights that 
artificial intelligence does not necessarily replace local wisdom or teacher facilitation; 
instead, AI can function as a supportive learning resource that expands students’ 
opportunities for contextual investigation and scientific exploration. 
 
Overall, this study contributes to the growing discussion regarding artificial intelligence 
in STEM education by demonstrating the potential of AI-integrated Ethno-STEM 
Project-Based Learning in geographically isolated schools with limited educational 
resources. The combination of contextual inquiry, local wisdom integration, collaborative 
investigation, and AI-assisted exploration offers a promising approach for supporting 
meaningful and inquiry-oriented STEM learning experiences in remote educational 
environments. 
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