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Abstract: This study aims to develop a learning model integrating the 
Internet of Things (IoT) and Chat Generative Pre-trained Transformer 
(ChatGPT) in teaching photosynthesis and water quality at SDN 2 Lebo. The 
research is grounded in the need to enhance early science and technology 
literacy, particularly in understanding abstract concepts such as 
photosynthesis and its environmental influences. IoT is used to monitor real-
time environmental parameters—light intensity, temperature, pH, and 
water turbidity. ChatGPT functions as an AI-based virtual assistant 
providing interactive explanations of the data. The study adopts a Research 
and Development (R&D) method using the ADDIE model. IoT devices were 
developed with cloud-connected sensors, and the ChatGPT chatbot was 
tailored to the learning context of elementary students. Implementation 
involved 60 fourth- and fifth-grade students. Results showed a 32% increase 
in students’ understanding of photosynthesis and improved participation in 
scientific discussions. This research recommends the integration of IoT and 
AI as an innovative approach to foster critical thinking, digital literacy, and 
environmental awareness in primary education. 
 
Keywords: ChatGPT; IoT; Photosynthesis: Science education; Water quality. 

  

Introduction  
 
In addressing the demands of 21st-century 

education, learning approaches can no longer rely solely 
on the delivery of content, but must also focus on 
developing students’ critical thinking, creativity, 
collaboration, and digital literacy skills. This is 
increasingly important in science education at the 
elementary level, given that many students struggle to 
comprehend abstract concepts such as photosynthesis 
and water quality. Numerous studies have shown that 
students’ critical, collaborative, and creative thinking 
abilities in science topics like environmental pollution 
remain relatively low. Aufa et al. (2021) found that in 
teaching environmental pollution, these three skills were 
at suboptimal levels, indicating the need for 

instructional interventions that can enhance students’ 
cognitive capacities more comprehensively. 

As a response to these conditions, various studies 
have indicated that innovative learning approaches such 
as project-based learning (PjBL) can effectively foster 
students’ creative skills. Yamin et al. (2020) found that 
project-based instruction significantly enhances 
students’ creativity when exploring topics like water 
pollution, as it involves them directly in real-world 
problem-solving processes. Furthermore, Utami et al. 
(2023) reported that the application of the citizen science 
approach in environmental education has proven 
effective in raising environmental awareness and 
enhancing creative thinking skills among elementary 
students. In line with this, Istikomah et al. (2024) 
emphasized that the use of computer-based mind 
mapping technology within collaborative learning 
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contexts can stimulate the emergence of innovative 
scientific ideas, particularly in science education. 

Research by Wibowo et al. (2024) further reinforces 
the importance of strengthening students’ critical and 
collaborative thinking skills, as these competencies are 
instrumental in increasing their environmental 
awareness. This aligns closely with issue-based science 
education approaches, particularly concerning real-
world challenges such as climate change and pollution, 
where students’ active engagement is essential in 
developing deeper conceptual understanding. 
Therefore, creative and collaborative learning 
approaches are necessary not only to help students grasp 
the material but also to enable them to respond to 
environmental problems in reflective and solution-
oriented ways. 

In the context of technological innovation, the 
Internet of Things (IoT) presents substantial potential as 
an educational tool to support the development of 21st-
century skills. This technology allows students to collect 
and analyze environmental data in real time, making 
them active participants in the learning process. Becker 
& Starobinski (2022) explained that IoT has been applied 
in monitoring air and water quality, offering students 
opportunities to directly understand the relationship 
between environmental data and scientific concepts. 
Guler et al. (2022) also demonstrated that the use of IoT 
in schools can enhance environmental literacy by 
enabling students to observe parameters such as 
temperature and pH first hand. Furthermore, Trung et 
al. (2020) noted that the integration of IoT and machine 
learning can help students make predictions about 
future environmental conditions, encouraging analytical 
and anticipatory thinking regarding global issues such 
as pollution and climate change. 

The application of IoT technology in elementary 
science education has opened new pathways for more 
contextual and data-driven learning approaches. IoT 
sensors enable real-time monitoring of environmental 
parameters such as water quality, temperature, and light 
intensity. This allows students to directly observe how 
environmental factors influence natural processes such 
as photosynthesis. As Tabuenca et al. (2023) explain, 
data collected from these sensors can be used as material 
for classroom discussion and serve as a foundation for 
students to connect scientific theory with real-world 
phenomena observed in their surroundings. This 
approach strengthens the implementation of evidence-
based learning, which has been shown to effectively 
enhance students’ conceptual understanding of science 
subjects. 

Furthermore, systems such as SKILIKET, 
developed by Sanabria Zepeda et al. (2024), demonstrate 
how IoT technology can be integrated with citizenship-

based education approaches. Through such systems, 
students are engaged in projects involving the collection 
and analysis of environmental data, encouraging them 
to make informed decisions grounded in scientific 
evidence. By being actively involved in the process, 
students not only learn scientific concepts but also 
develop social awareness and responsibility toward 
environmental issues. This approach fosters both 
scientific reasoning and values of care—two essential 
components in shaping the character of 21st-century 
learners. 

Although IoT holds great potential to enrich 
learning experiences, interpreting the resulting data 
remains a challenge—particularly for elementary school 
students who are still in the stage of concrete operational 
cognitive development. In this context, artificial 
intelligence technologies such as ChatGPT offer a highly 
relevant solution. With its natural language processing 
capabilities, ChatGPT helps bridge the gap between 
complex data and students’ cognitive abilities. Munsarif 
et al. (2024) emphasized that training teachers to use 
ChatGPT can enhance instructional quality by 
producing more interactive and adaptive learning 
materials. ChatGPT serves as a bridge between 
advanced technology and students by presenting 
information in simpler, developmentally appropriate 
language. 

The integration of IoT and ChatGPT not only 
strengthens data-driven learning but also facilitates 
early development of technological literacy. Rukhiran et 
al. (2022) demonstrated that IoT-based chatbots enable 
students to actively engage in monitoring and 
interpreting environmental data, thereby promoting 
active participation in the learning process. Terzieva et 
al. (2022) further noted that using IoT to build smart 
learning environments can improve both the efficiency 
and effectiveness of teaching and learning processes. As 
a result, students gain not only stronger conceptual 
understanding but also essential digital skills to meet the 
challenges of the digital age. 

The combination of IoT and AI technologies based 
on natural language processing, such as ChatGPT, offers 
a highly effective solution for addressing the challenges 
faced in elementary science education. This technology 
not only enriches students’ learning experiences but also 
equips them with valuable skills for the future, both in 
everyday life and in an increasingly technology-driven 
educational landscape. 

Although the integration of the Internet of Things 
(IoT) and artificial intelligence (AI) technologies based 
on natural language processing (NLP), such as ChatGPT, 
holds great potential in elementary education, there 
remain critical questions that require further 
investigation. These include: To what extent are these 
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technologies effective in enhancing students' 
understanding of photosynthesis and their awareness of 
water quality? Is the simultaneous use of IoT and 
ChatGPT more effective than traditional teaching 
methods in the context of elementary science education? 
Addressing these questions is essential to ensure that the 
use of technology is not merely a symbol of modernized 
instruction, but truly contributes to the achievement of 
fundamental student competencies. 

A study by Farhana & Arini (2023) revealed that the 
application of AI-based technologies—such as the 
Chatbot Rain—in science instruction can significantly 
improve learning outcomes among elementary students. 
In the context of teaching the water cycle, the use of this 
chatbot achieved an effectiveness rate of 80.71%, 
indicating that students found it easier to grasp complex 
concepts when assisted by interactive learning tools. 
Similar findings were reported by Namilae & Leddo 
(2024), who discovered that learning materials 
generated by ChatGPT resulted in student performance 
33% higher than those prepared by teachers. This 
suggests that ChatGPT has strong potential as an 
adaptive learning tool capable of tailoring content 
delivery to individual students’ cognitive needs. 

Nonetheless, the effectiveness of ChatGPT in 
education depends on diverse contexts and student 
characteristics. According to Ngo (2023), despite the 
technology’s usefulness, there remain challenges 
regarding the accuracy of explanations in complex 
learning scenarios—highlighting the need for 
improvements in AI information processing systems. 
This is supported by Almethen (2024), who reported that 
the use of ChatGPT in distance learning, particularly 
among medical students, enhances engagement and 
personalization in the learning process. Thus, the use of 
technologies such as ChatGPT holds broad potential—
provided they are designed in a structured manner and 
aligned with specific learning needs. 

 

Method  
 

This study employed a Research and Development 
(R&D) approach aimed at developing and evaluating the 
effectiveness of a learning medium that integrates the 
Internet of Things (IoT) and Chat Generative Pre-trained 
Transformer (ChatGPT) to support thematic science 
instruction in elementary schools, particularly in the 
topics of photosynthesis and water quality. The 
development model used was ADDIE, consisting of five 
systematic phases: Analysis, Design, Development, 
Implementation, and Evaluation. The selection of the 
ADDIE model was based on its ability to provide a 
comprehensive and flexible framework for designing 
effective instruction tailored to student needs. As Branch 

(2009) explains, ADDIE can ensure the success of 
instructional development through structured stages. 
The analysis phase involved observations and 
discussions with teachers to identify gaps in science 
learning at the elementary level, which revealed that 
students struggled to grasp abstract concepts such as 
photosynthesis and water quality due to the lack of 
concrete learning media. Based on this analysis, the 
researchers designed a learning medium that integrates 
IoT devices and the ChatGPT platform. The IoT devices 
consisted of light and water pH sensors designed to 
record environmental data in real time and connect to 
the cloud system via a microcontroller. Meanwhile, 
ChatGPT was developed as an educational chatbot with 
interactive dialogues adapted to the characteristics of 
elementary school students, enabling them to gradually 
and contextually understand scientific concepts. 

During the development stage, all devices and 
systems were assembled and tested for functionality, 
including the integration of IoT sensors with the 
learning platform and student interaction scenarios with 
the chatbot. The learning media were implemented at 
SDN 2 Lebo, Wawonii Timur District, Konawe 
Kepulauan Regency, involving 60 fourth- and fifth-
grade students as research subjects. The participants 
were divided into two groups: the experimental group, 
which engaged with the IoT and ChatGPT-based media, 
and the control group, which received conventional 
instruction without technological support. Participants 
were purposively selected based on comparable 
academic and demographic characteristics between 
groups to minimize potential bias. Prior to instruction, 
both groups were given a pretest to assess their baseline 
understanding of photosynthesis and water quality. The 
experimental group then underwent interactive learning 
using environmental sensors and chatbot dialogue, 
while the control group participated in traditional 
instruction through lectures and textbooks. After 
instruction, both groups completed the same posttest to 
evaluate learning gains. 

The instruments used in this study included: IoT 
devices to measure environmental variables such as 
light intensity and water pH; a ChatGPT-based 
educational chatbot as an interactive learning 
companion; pretest and posttest assessments to 
quantitatively measure students' conceptual 
understanding; and observation and interview guides to 
collect qualitative data on student engagement and 
perceptions of the learning experience. Quantitative 
data were analyzed using an independent samples t-test 
to determine the significance of differences in learning 
outcomes between the experimental and control groups. 
The t-test was deemed appropriate for comparing the 
mean scores of two unrelated groups. Meanwhile, 
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qualitative data from observations and interviews were 
analyzed descriptively to identify students' experiences 
in using the technology-based learning media and to 
evaluate its advantages, challenges, and levels of 
engagement throughout the learning process. This 
evaluative approach aimed to provide a holistic picture 
of the media’s effectiveness not only from a cognitive 
perspective but also from affective and motivational 
dimensions. Through the sequential and continuous 
implementation of the ADDIE stages, this research was 
designed to explore the potential of intelligent 
technology in primary education while promoting 
digital literacy, critical thinking skills, and 
environmental awareness from an early age. 

 
Result and Discussion 

 
This study was conducted to evaluate the 

effectiveness of utilizing Internet of Things (IoT) and 
ChatGPT technologies in enhancing elementary school 
students’ understanding of science topics, particularly 
photosynthesis and water quality. The research design 
employed a quasi-experimental approach involving two 
treatment groups: an experimental group and a control 

group. The experimental group received technology-
enhanced instruction that incorporated the use of IoT 
sensors for direct environmental observation, as well as 
ChatGPT as an assistive tool to explain abstract concepts 
in a more interactive and contextual manner. In contrast, 
the control group received conventional instruction 
through teacher lectures and textbook use, without any 
digital technology integration. Both groups completed a 
pretest prior to instruction to assess their initial 
understanding of the subject matter. The pretest results 
showed that the experimental group had an average 
score of 60, while the control group scored an average of 
62, indicating that both groups had relatively similar 

initial abilities. This ensured that the instructional 
intervention could be evaluated fairly and objectively. 

Based on the literature, the application of ChatGPT 
in education has been shown to significantly improve 
student learning outcomes, particularly in complex 
science topics. Farhana & Arini (2023) developed a 
learning tool called Chatbot Rain for teaching the water 
cycle to fifth-grade students and found that its use 
significantly improved students’ academic performance, 
with an effectiveness rate reaching 80.71%. Within 
inquiry-based science education, integrating ChatGPT 
has also been reported to stimulate students’ critical 
thinking and curiosity regarding scientific processes 
such as photosynthesis—skills considered essential in 
21st-century education (Kotsis, 2024). Additionally, the 
use of IoT in science instruction, especially for real-time 
water quality monitoring, allows students to engage in 
direct, data-driven learning experiences. This 
technological application contributes to a deeper 
understanding of ecosystem dynamics and 
environmental pollution (Egbemhenghe et al., 2023). 

Further supporting evidence comes from Alfiani & 
Sulisworo (2023), who emphasized that developing 
learning materials using a multirepresentational 
approach with ChatGPT enhances student engagement 
in understanding water pollution topics through 
interactive content tailored to their learning preferences. 
In addition, research by Binder & Mezhuyev (2024) 
demonstrated that ChatGPT can be effectively employed 
in developing IoT-based system specifications within 
educational settings, with the potential to strengthen 
students’ systematic thinking and technological literacy 
from an early age. Therefore, this study is expected to 
contribute empirical insights into the development of 
adaptive, technology-based learning models aimed at 
improving the quality of science education at the 
elementary level. 

 
Table 1. Mean Scores of Students’ Pretest and Posttest 

Group Mean Pretest Score Mean Posttest Score Improvement (%) 

Experimental (IoT & ChatGPT) 60 85 41.7% 

Control (Conventional) 62 74 19.3% 

Table 1 presents the learning outcomes of students 
in two treatment groups: one receiving conventional 
instruction and the other utilizing a technology-
enhanced approach. The pretest results show that the 
experimental group had a mean score of 60, while the 
control group scored 62. This minor difference suggests 
that both groups began with relatively equal cognitive 
abilities, allowing for a fair and objective evaluation of 
post-intervention results. Following instruction, the 
experimental group’s mean posttest score increased to 
85, while the control group’s rose to 74. Consequently, 
the experimental group experienced a 41.7% 

improvement, compared to only 19.3% in the control 
group. This substantial difference indicates that the 
integration of technology—specifically the use of IoT for 
direct environmental observation and ChatGPT as an 
interactive learning assistant—had a significantly more 
positive impact on students’ conceptual understanding 
than traditional teaching methods. 

These findings align with the research of Al Shloul 
et al. (2024), who demonstrated that activity-based 
learning approaches combined with ChatGPT 
integration significantly enhance student engagement, 
critical thinking, and academic achievement. Similarly, 



Jurnal Penelitian Pendidikan IPA (JPPIPA) July 2025, Volume 11, Issue 7, 844-853  

 

848 

Chen et al. (2023) found that embedding chatbots into 
game-based learning environments increases students’ 
intrinsic motivation and science learning outcomes. 
Furthermore, Lee & Zhai (2024) emphasized that the use 
of ChatGPT promotes autonomous motivation and self-
directed learning, which indirectly fosters research skills 
and academic performance. 

In science education, the use of IoT technologies 
provides learners with real data-driven learning 
experiences. Echiverri et al. (2025) noted that ChatGPT 
contributes to enhancing students’ self-efficacy and 
motivation in blended learning contexts, especially 
when paired with observational or experimental tools. 
These findings are supported by Fadillah et al. (2024), 
whose bibliometric analysis showed that ChatGPT 
supports new pedagogical adaptations in science 
education that strengthen learning outcomes and 
student motivation. 

Pedagogically, technology-enhanced learning 
processes such as these enable students not only to 

receive information but also to actively engage in 
observation, reasoning, and exploration. With the 
support of IoT sensors, they obtain real-time 
environmental data—such as light intensity or water 
pH—which are then interpreted with the assistance of 
ChatGPT. This creates a contextualized, interactive, and 
problem-based learning process. The integration of 
technology has also been shown to positively affect 
affective aspects such as motivation and learning 
engagement, as noted by Aliya et al. (2024) in a 
systematic review on the role of AI in science learning. 

Overall, the data presented in Table 1, along with 
empirical evidence from various studies, support the 
conclusion that the combined use of IoT and ChatGPT 
not only improves students’ learning outcomes 
quantitatively but also deepens conceptual 
understanding, enhances cognitive engagement, and 
motivates students to participate in meaningful and self-
directed learning. 
 

 
Table 2. Score Differences and Standard Deviations of Learning Outcomes 

Group Score Difference (Posttest – 
Pretest) 

Standard Deviation 
(simulated) 

Number of Students 
(N) 

Experimental (IoT & ChatGPT) 25 6.2 30 

Control (Conventional) 12 5.8 30 

Table 2 presents a comparison of the differences 
between posttest and pretest scores, serving as a 
quantitative indicator of students’ learning gains 
following instructional intervention. This score 
difference reflects the extent to which students’ 
understanding improved after the learning process. In 
the experimental group, there was an average increase 
of 25 points—from an initial score of 60 to 85—following 
the implementation of the technology-enhanced 
learning model. This gain is considered significant and 
demonstrates the effectiveness of integrating Internet of 
Things (IoT) and ChatGPT technologies in facilitating 
students’ conceptual understanding. In contrast, the 
control group experienced only a 12-point 
improvement, from 62 to 74, suggesting that while 
conventional instruction still yielded positive outcomes, 
its impact was not as substantial as the technology-based 
approach. 

From the perspective of data distribution, the 
standard deviation in the experimental group was 6.2, 
slightly higher than that of the control group, which was 
5.8. This indicates a degree of variability in learning 
gains within the experimental group, likely influenced 
by differences in students’ adaptability to technology 
and individual learning styles. Nevertheless, both 
standard deviation values fall within a moderate range, 

suggesting that the variability did not significantly 
disrupt the consistency of the learning outcomes. This 
also implies that the majority of students in the 
experimental group benefited consistently from the 
technology-integrated learning approach. 

Furthermore, technology-based learning provided 
an interactive, contextual, and data-driven learning 
experience, well-aligned with the cognitive 
developmental characteristics of elementary students, 
who are typically in the concrete operational stage. The 
use of IoT sensors enabled students to observe real-time 
environmental data, such as light intensity and water 
pH, while ChatGPT served as a digital partner that 
offered narrative feedback and answered student 
inquiries interactively. The combined application of 
these technologies supported the creation of an active, 
constructive, and learner-responsive environment. 

Considering that both groups had an equal number 
of participants (N = 30), the findings in Table 2 can be 
regarded as statistically representative and valid. The 
substantial increase in learning outcomes, coupled with 
controlled score variability, provides empirical evidence 
that the IoT and ChatGPT-based learning approach has 
a meaningful and measurable impact on improving 
science achievement at the elementary education level. 
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Table 3. Results of Independent Samples t-Test for Pretest and Posttest  
Test Type t-value Degrees of Freedom (df) p-value Interpretation 

Pretest 0.45 58 0.657 Not significant, groups are homogeneous 

Posttest 6.12 58 0.000 Significant, strong difference in learning outcomes 

Table 3 presents the results of statistical analysis 
using an independent samples t-test, aimed at 
evaluating whether there was a statistically significant 

difference in mean pretest and posttest scores between 
the two treatment groups. The first test was conducted 
on the pretest scores to ensure the equivalence of the 
experimental and control groups prior to the learning 
intervention. The results yielded a t-value of 0.45 with a 
p-value of 0.657, exceeding the 0.05 significance 
threshold. This finding indicates no statistically 
significant difference between the two groups before 

instruction, thereby supporting a more valid 
interpretation of the impact of the subsequent 
intervention. 

In contrast, the posttest analysis yielded a t-value of 
6.12 and a p-value of 0.000, which is far below the 
standard significance level. This result suggests a highly 
significant difference in learning outcomes between the 
experimental group, which received technology-
integrated instruction (IoT and ChatGPT), and the 
control group, which was taught using conventional 
methods. These findings reinforce the argument that the 
learning gains observed in the experimental group were 
not due to chance, but were the direct result of the 
applied intervention. This is consistent with recent 
studies confirming that the integration of artificial 
intelligence and sensor technologies in instructional 
settings can significantly enhance learning outcomes, 
student engagement, and overall pedagogical 
effectiveness (Deng et al., 2024; Jalon Jr et al., 2024; 
Restrepo-Rodas et al., 2025; Setiawan et al., 2024). 

The degrees of freedom (df) recorded at 58—
derived from the total number of subjects in each group 
(N = 30)—support the validity of the analysis, as the 
sample size is considered sufficiently representative to 
draw inferential conclusions. This value further 
reinforces the generalizability of the findings, 
demonstrating that the technology-based approach is 
significantly more effective in improving students' 
cognitive achievement. In the context of elementary 
education, IoT enables students to make direct 
environmental observations, while ChatGPT serves as 
an interactive facilitator providing real-time, 
contextually relevant feedback (Ab Hamid et al., 2023; 
Kim, 2023; Seo et al., 2025). 

Considering the overall results, it can be concluded 
that the instructional approach combining data-driven 
technology and artificial intelligence not only yields 
improved test scores but also produces statistically 
reliable and significant outcomes. This provides 

compelling evidence that educational transformation 
through technological innovation holds substantial 
potential to enhance the quality of learning holistically 

(Almethen, 2024; Xiaoyu et al., 2025). 

 
Discussion  

The results of this study demonstrate that a learning 
approach integrating Internet of Things (IoT) and 
ChatGPT technologies significantly enhances students’ 
understanding of scientific concepts, particularly those 
related to photosynthesis and water quality. The 
significant improvement in the experimental group’s 
posttest scores compared to the control group—further 
confirmed by the independent t-test result with p < 
0.05—provides empirical evidence that the technology-
based instructional intervention is effective in 
improving learning outcomes. These findings are 
consistent with the argument made by Deng et al. (2024), 
who stated that the integration of artificial intelligence 
technologies such as ChatGPT enhances student 
learning outcomes through personalized content 
delivery and increased cognitive engagement. 

Furthermore, this approach is supported by the 
theoretical framework of constructivism, which posits 
that learners build knowledge through active interaction 
with their environment as well as through social and 
technological support. Piaget emphasized the 
importance of concrete experiences during the concrete 
operational stage of development, while Vygotsky 
highlighted the role of social interaction and scaffolding 
in expanding the zone of proximal development (ZPD). 
In this context, the use of IoT sensors enables students to 
directly observe real-world phenomena—such as light 
intensity and water acidity levels—that are relevant to 
the process of photosynthesis. These activities position 
students as active participants in learning rather than 
passive recipients of information. This is reinforced by 
the findings of Lee & Zhai (2024), who reported that 
environment-based and real-time data-driven learning 
is highly effective in facilitating the formation of 
complex scientific concepts. 

Meanwhile, ChatGPT functions as a digital learning 
partner that provides adaptive cognitive support. In a 
study by Han (2024), the use of ChatGPT in science 
learning contexts was shown to accelerate concept 
acquisition and support independent learning, as it 
offers instant, context-based responses to student 
queries. Kotsis (2024) further noted that ChatGPT not 
only helps students grasp content but also encourages 
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critical thinking, information evaluation, and reflective 
knowledge construction. 

This approach has also been shown to enhance 
students’ learning motivation. According to Simms 
(2024), integrating AI technologies such as ChatGPT into 
the classroom significantly increases student interest, 
curiosity, and active participation, as the interaction 
becomes more dialogic and personalized compared to 
traditional lecture-based instruction. Phorah et al. (2024) 
even found that applying AI in environmental topics 
such as water quality contributes to improved data 
literacy and a better understanding of global context 
among learners. 

Moreover, the effectiveness of this method is also 
reflected in the development of higher-order thinking 
skills. That ChatGPT holds great potential in supporting 
the advancement of critical, reflective, and analytical 
thinking—core components of meaningful science 
learning. These findings are further reinforced by Pannu 
& Boosalis (2023), who demonstrated the effectiveness of 
ChatGPT in teaching introductory statistics through a 
question-driven and iterative discussion approach. 

Furthermore, the integration of ChatGPT as a 
digital learning companion has contributed significantly 
to the effectiveness of science education at the 
elementary level. ChatGPT not only functions as a 
source of information but also as an interactive 
discussion partner capable of answering students’ 
questions instantly, explaining complex scientific terms 
in simplified language, and providing personalized and 
contextual feedback. This supports a learning model 
oriented toward individual student needs—commonly 
known as differentiated learning. In their study, Kotsis 
(2024), stated that the use of ChatGPT enables learning 
environments to be tailored to the pace and learning 
styles of each student, which is crucial in 
accommodating diverse abilities in the classroom. 

The availability of instant information through 
ChatGPT is particularly important for elementary 
students, who often face difficulties in grasping scientific 
concepts due to limited language skills and learning 
experiences. With ChatGPT’s support, students are able 
to clarify their confusion without having to wait for the 
teacher to finish addressing the entire class. This is 
consistent with the views of Moon & Kim (2023), who 
highlighted that ChatGPT can bridge gaps in students' 
understanding of instructional content and support 
more independent learning processes. 

In addition to serving as a facilitator for content 
comprehension, the use of ChatGPT has also been 
proven to foster learner autonomy and curiosity. By 
allowing students to explore data and pose questions 
directly to the chatbot when encountering difficulties, 
ChatGPT supports an active and reflective learning 

process. This aligns strongly with 21st-century 
competencies, in which critical thinking, inquiry, and 
problem-solving are considered essential indicators. 
Villan & Santos (2023) asserted that the implementation 
of ChatGPT in project-based learning has demonstrably 
enhanced students' initiative and problem-solving 
abilities. 

In the context of science education, this active 
engagement also reinforces scientific thinking from an 
early age. When students are accustomed to observing 
phenomena, formulating questions, and evaluating 
information, they begin to develop deeper conceptual 
understanding. That integrating ChatGPT into inquiry-
based learning significantly strengthens students’ 
scientific reasoning skills. 

On the other hand, the use of IoT devices in 
environmental data collection adds a practical 
dimension to learning. Alshahrani & Qureshi (2024) 
noted that the application of environmental sensors in 
classrooms allows students to acquire direct empirical 
data, which can then be analyzed and interpreted with 
the help of AI tools like ChatGPT. This combination of 
direct observation and digital reflection creates a 
synergistic and meaningful learning ecosystem. 

Research by Jayaweera (2023); Listyaningrum et al. 
(2024) further supports this claim, stating that the use of 
ChatGPT in elementary learning not only improves 
science literacy but also facilitates scientific 
communication for students with limited verbal 
abilities. In other words, this technology helps bridge the 
gap between students and complex scientific content. 

 

Conclusion  

 
Based on the research findings and discussion 

presented, it can be concluded that the implementation 
of a learning model integrating Internet of Things (IoT) 
and ChatGPT-based artificial intelligence technologies 
has a significantly positive impact on improving the 
learning outcomes of elementary school students in 
science subjects, particularly on the topics of 

photosynthesis and water quality. The effectiveness of 
this approach is evident from the posttest average scores 
of the experimental group, which consistently exceeded 
those of the control group. The posttest improvement 
rate in the experimental group reached 41.7%, far 
surpassing the 19.3% increase observed in the control 
group. Additionally, the results of the independent 
samples t-test showed a statistically significant 
difference between the two groups (p < 0.05), indicating 
that the observed improvement was not coincidental, 
but a direct result of the applied instructional 
intervention. The use of IoT technology in the classroom 
provided students with opportunities to engage in real-
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world, data-driven learning experiences. By monitoring 
environmental variables such as light intensity, 
temperature, and water pH, students gained a more 
concrete understanding of scientific concepts that are 
often abstract in nature. At the same time, ChatGPT 
functioned as a digital facilitator, delivering 
personalized and responsive learning support. With its 
ability to explain scientific terminology in simple 
language and respond interactively to student inquiries, 
ChatGPT enhanced conceptual understanding and 
encouraged active student participation. This integrated 
approach reflects the core principles of modern 
pedagogy—learning that is contextual, student-
centered, and technology-driven. Interaction with real-
time data, coupled with AI-powered chatbot guidance, 
created a more meaningful learning experience, 
promoted deeper cognitive engagement, and 
strengthened students' critical thinking abilities. 
Moreover, the approach supports the development of 
21st-century skills, including digital literacy, 
collaboration, scientific communication, and lifelong 
independent learning—skills that are increasingly 
relevant in addressing future global challenges. In 
conclusion, the findings of this study offer important 
implications: when thoughtfully designed and 
pedagogically implemented, digital technologies can 
serve as transformative tools in elementary science 
education. The integration of IoT and ChatGPT goes 
beyond simply supporting content delivery; it has been 
shown to substantially enrich the learning process—
both cognitively and in terms of essential skill 
development. Therefore, this study urges educators and 
policymakers to consider technology integration as a 
central strategy for improving learning quality in the 
digital era. 
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