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Abstract: The integration of Internet of Things (IoT) and cloud computing in educational 
environments has the potential to revolutionize the learning experience by creating smart classrooms 
that enhance engagement, adaptability, and resource management. Traditional classrooms have faced 
significant challenges in supporting online and hybrid learning environments due to limitations such as 
fixed schedules, physical presence requirements, and a teacher-centered approach. These constraints 
make it difficult to meet the growing need for flexible and scalable learning solutions that support both 
in-person and remote students. This study aims to design and implement an IoT-based smart classroom 
integrated with cloud computing to address these challenges and enhance the learning experience. The 
IoT sensor integration involves the use of sensors to automate classroom management tasks such as 
lighting, temperature control, and attendance tracking. The cloud computing infrastructure provides 
scalable and efficient storage and processing of classroom data, enabling real-time monitoring and data 
analysis. The mobile application developed for students and teachers facilitates interaction with the 
classroom systems, offering features like remote control of classroom settings and access to learning 
materials. The implementation of this smart classroom system showed significant improvements in 
classroom management efficiency, including energy savings, time efficiency, and high user satisfaction. 
Moreover, the smart classroom system positively impacted student engagement and interaction by 
providing real-time feedback and facilitating collaborative learning. Teachers reported improvements 
in teaching effectiveness due to the availability of real-time data, while students benefited from 
personalized learning experiences. Comparing smart classrooms with traditional classrooms highlights 
the enhanced interactivity, adaptability, and resource management provided by IoT and cloud 
computing. This study emphasizes the importance of integrating these technologies to create flexible, 
scalable, and efficient learning environments. 
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1. Introduction 

Conventional classrooms have long been the foundation of educational systems 
worldwide. These classrooms are traditionally designed to facilitate face-to-face interactions, 
structured schedules, and a teacher-centered approach. However, the increasing demand for 
online and hybrid learning has exposed several limitations of this traditional model. 

One of the primary limitations is the limited physical interaction in conventional 
classrooms. These classrooms emphasize physical presence, which restricts the flexibility and 
accessibility that online platforms offer, particularly in the context of global events like the 
COVID-19 pandemic, which highlighted the necessity of adaptable learning environments 
[1],[2]. Furthermore, traditional classrooms are bound by time and space constraints, making 
it difficult for students and educators to collaborate asynchronously or in flexible settings. 
This rigidity in scheduling contrasts with the growing need for more collaborative and on-
demand learning experiences in today’s educational landscape. Another limitation is the 
teacher-dominated information transfer model, which often stifles student engagement and 
creativity. This top-down approach to learning may not foster the critical thinking and 
problem-solving skills that are essential in modern education [2]. 
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In addition to these constraints, overcrowding and discipline issues are prevalent in many 
traditional classrooms, reducing individual attention and complicating classroom 
management [3]. As class sizes grow, it becomes increasingly difficult for educators to manage 
the diverse needs of students effectively. 

The transition from traditional classrooms to digital and hybrid learning environments 
presents a series of challenges. Technological proficiency among educators is one of the most 
pressing concerns. Many educators face difficulties in integrating digital tools into their 
teaching practices, requiring significant professional development and training to bridge the 
gap [4],[5]. Moreover, the shift to online learning demands robust infrastructure and 
resources, including reliable internet connectivity and sufficient hardware, which can be a 
significant barrier, particularly in low-income or developing regions [3],[6],[7]. 

Another key challenge is student engagement and participation. While online classrooms 
offer convenience and flexibility, they often struggle with fostering the same level of 
engagement and interaction found in traditional settings. This lack of engagement can hinder 
the learning process, especially in subjects that require hands-on experiences or personal 
interactions [3],[8]. Additionally, finding a balance between traditional and digital teaching 
methods can be difficult for educators, as they attempt to integrate digital tools without 
overwhelming students. The absence of clear strategies for blended learning further 
complicates this integration [4],[9]. 

Finally, certain subjects, especially those in the social sciences, require personal 
interaction and practical application, making them particularly challenging to teach in a purely 
digital format. Educators must adapt their pedagogical approaches to ensure that critical 
elements of these subjects are not lost in the transition [9]. 

In conclusion, while the integration of advanced technologies like AI in education holds 
great potential, it also raises concerns regarding data privacy and the digital divide. These 
ethical considerations must be addressed through careful policy adjustments to ensure that all 
students have equal access to the benefits of digital learning environments [10]. 

The integration of Internet of Things (IoT) technology in educational settings has 
significantly transformed the way we approach learning. IoT-based smart classrooms are 
designed to utilize various sensors, devices, and software applications to monitor, control, 
and optimize the classroom environment. These systems have the potential to enhance both 
teaching and learning by automating routine processes, managing classroom resources 
efficiently, and creating interactive learning experiences for students. Smart classrooms are 
equipped with features such as automated attendance, real-time environmental control (e.g., 
lighting and temperature), tailored feedback for students, and collaborative platforms for 
group activities [11],[12]. 

The need for flexible, scalable, and efficient learning spaces has become more crucial as 
educational institutions strive to accommodate both in-person and remote students. 
Integrating IoT with cloud computing in smart classrooms offers numerous advantages: a.) 
Enhanced Learning Experiences: Cloud-based IoT systems enable real-time data exchange, 
analysis, and communication between students and educators. This seamless interaction 
allows educators to monitor student progress and adjust their teaching strategies to better 
cater to individual learning needs, thus promoting personalized learning experiences and 
improving overall outcomes. The ability to collect and analyze data in real-time helps foster a 
more dynamic and responsive educational environment. b.) Resource Management: Efficient 
resource management is critical in educational settings. IoT and cloud-based systems help 
optimize the use of resources by collecting data that drives decision-making regarding the 
allocation of educational tools, equipment, and space utilization. This approach allows for 
smarter, data-driven campus management that can lead to cost savings and enhanced 
operational efficiency [13],[14]. c.) Security and Maintenance: The integration of IoT with 
cloud computing also enhances campus security and streamlines maintenance processes. By 
enabling real-time monitoring and automated systems for security and facility management, 
smart classrooms ensure that the learning environment is both safe and well-maintained [14]. 
IoT sensors can alert administrators to maintenance needs before they become critical issues, 
improving response times and reducing downtime. d.) Remote Learning: One of the most 
significant benefits of combining IoT with cloud computing is the flexibility it provides for 
remote learning. Cloud computing allows students to access educational resources and 
participate in classes from anywhere, thus supporting hybrid learning environments where in-
person and remote students can seamlessly collaborate and learn together [14],[15],[16]. This 
capability is especially important as educational institutions continue to expand their use of 



International Journal of Humanities and Social Sciences Reviews 2025 (September), vol. 1, no. 3, Hilir, et al. 3 of 10 

 

online platforms and asynchronous learning models, offering a more inclusive and flexible 
approach to education. 

2. Literature Review 

The evolution of online and hybrid learning models has been significantly influenced by 
global events, technological advancements, and changing educational needs. Pre-COVID-19, 
e-learning faced challenges in establishing itself as a reliable alternative to traditional 
classroom-based education. The adoption of online learning was gradual, and many 
educational institutions struggled to integrate digital tools into their existing systems [17]. 

With the onset of the COVID-19 pandemic, there was a rapid shift to remote learning, 
which forced educational institutions to embrace hybrid models that blend online and in-
person instruction. This shift accelerated the development of hybrid learning environments, 
offering both flexibility and accessibility, enabling students to engage in learning regardless of 
location [17],[12]. As schools and universities adapted, post-COVID-19 trends have shown 
that hybrid models are becoming more prevalent, leveraging both digital resources and 
physical presence to enhance engagement and learning experiences. These models offer 
adaptability, allowing for personalized and self-regulated learning, accommodating diverse 
learning preferences and needs [17]. 

The integration of advanced technologies in education, including AI, virtual reality (VR), 
and mobile learning platforms, is expanding rapidly. These technologies have been pivotal in 
enhancing the personalization of learning experiences and improving accessibility for diverse 
student populations, making learning more engaging and responsive [13],[18],[19],[20]. The 
use of AI and VR in education allows for the development of interactive and immersive 
learning environments, thus fostering a more dynamic and effective approach to teaching 
[13],[18]. 

The integration of technology is essential for creating enhanced learning experiences. 
Digital tools like AI, VR, and blockchain are reshaping the educational landscape by providing 
adaptive learning experiences that respond to individual student needs. These technologies 
facilitate more interactive and immersive learning methods, which are increasingly becoming 
the norm in modern education [13],[18],[20]. Furthermore, technology integration helps in 
overcoming geographical barriers, enabling learners from diverse backgrounds to access 
education and engage with course materials in real-time. This is especially critical in the 
context of hybrid learning environments, where both in-person and remote students can 
collaborate seamlessly [13],[18],[21]. 

However, the widespread integration of technology also presents significant challenges. 
Issues such as the digital divide, data privacy concerns, and the need for continuous 
professional development for educators remain critical hurdles that must be addressed for the 
effective implementation of digital learning systems. Ensuring that all students and teachers 
have equal access to technology is fundamental to bridging the digital divide, while also 
ensuring that privacy and security are maintained [13],[18],[19]. 

The Internet of Things (IoT) is increasingly being utilized in educational environments 
to create smart classrooms that enhance both teaching and learning. IoT technologies enable 
the real-time monitoring and management of classroom environments, allowing for better 
resource management, attendance tracking, and control of environmental conditions such as 
lighting, temperature, and air quality. These systems are vital in maintaining an optimal 
learning environment, as they can adjust the classroom conditions based on real-time data 
[22],[23],[24],[25],[26]. 

In smart classrooms, IoT also supports interactive learning by integrating smartboards, 
wearable devices, and real-time feedback systems that increase student engagement. These 
IoT-enabled systems facilitate personalized learning by providing immediate feedback to 
students and teachers, promoting a more interactive and student-centered learning experience 
[22],[23],[24]. The use of IoT in classrooms provides data-driven insights that help in 
monitoring student performance and classroom conditions, allowing educators to make 
informed decisions based on real-time information [25],[26],[27]. 

The integration of IoT sensors in smart classrooms offers numerous benefits, 
particularly in managing classroom environmental conditions. These sensors monitor critical 
factors such as temperature, humidity, air quality, and occupancy, ensuring that the classroom 
environment is conducive to learning and student comfort [25],[26],[27]. For example, sensors 
can adjust lighting and HVAC systems based on classroom occupancy, leading to significant 
energy savings and increased energy efficiency [25]. 
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In addition to comfort and energy efficiency, health and safety are crucial considerations 
in a classroom setting. Real-time monitoring of air quality and occupancy levels can help 
maintain a healthy learning environment, reducing the risk of health issues related to poor 
indoor air quality. These IoT solutions are particularly important in the post-pandemic era, 
where ensuring the health and safety of students remains a priority [26],[27]. 

Cloud computing has become an indispensable tool in modern education, offering 
scalable and cost-effective solutions to manage large volumes of educational data. Educational 
institutions are increasingly relying on cloud servers to store vast amounts of data, including 
student records, academic performance metrics, and learning activities. These cloud-based 
systems ensure high availability, security, and efficient data management, making them ideal 
for educational institutions with large-scale data needs [28],[29],[30]. Cloud computing not 
only enhances data storage capabilities but also facilitates real-time data processing, which is 
crucial for personalized learning, adaptive assessments, and informed administrative decision-
making [31]. 

In addition to these advantages, cloud computing helps reduce latency, cost, and network 
congestion, enabling the timely provision of insights and services to both educators and 
students. This efficiency is especially important in environments that require immediate 
feedback and real-time collaboration [31]. 

Cloud computing provides several benefits, particularly in terms of storage, scalability, 
and remote accessibility, all of which are essential for modern educational environments: a.) 
Storage: Cloud computing offers extensive storage capacity, allowing institutions to securely 
and efficiently store large amounts of data, ranging from course materials to student 
performance metrics. This scalability is a significant advantage over traditional on-premise 
storage solutions, which can be limited by physical hardware constraints [28],[32],[33]. b.) 
Scalability: The cloud's scalable infrastructure accommodates the dynamic demands of 
educational platforms. This flexibility allows resources to be adjusted based on need, ensuring 
that institutions can handle fluctuating levels of student engagement and course offerings 
[34],[35]. c.) Remote Accessibility: One of the key benefits of cloud computing is its ability to 
provide remote access to educational resources. This feature enables students and educators 
to access course materials and collaborate regardless of their physical location, which is 
particularly valuable in hybrid learning models. Cloud-based platforms ensure that learning 
materials are available at any time and from anywhere, enhancing accessibility for a diverse 
range of learners [32],[34],[35].  

The integration of smart classroom technologies-such as IoT, AI, and cloud computing-
has demonstrated significant potential in enhancing learning outcomes. Numerous studies 
and meta-analyses have shown that these technologies positively impact cognitive and 
behavioral development in students, with primary school students and those studying STEM 
subjects benefiting the most [36],[37]. a.) Effectiveness: Studies indicate that smart classrooms 
foster active learning, knowledge retention, and student engagement, all of which contribute 
to improved academic performance. These technologies enable interactive learning 
environments that encourage students to participate actively in their learning process, rather 
than passively receiving information [36],[37],[38]. b.) Implementation: Smart classroom 
technologies, such as interactive whiteboards, digital textbooks, and AI-powered tools, allow 
for personalized learning and tailored instruction. These technologies also automate 
administrative tasks, such as attendance tracking, and facilitate the creation of more engaging 
and interactive learning spaces [38],[39]. c.) Challenges: Despite the positive outcomes, 
challenges remain in fully utilizing smart classroom technologies. Some of the issues include 
the insufficient integration of various technologies and the variability in how smart classrooms 
are defined and implemented across different institutions. These inconsistencies hinder the 
full potential of smart classrooms, and addressing these challenges will be key to optimizing 
their effectiveness [40],[41]. 

3. Proposed Method 

The proposed method for implementing a smart classroom integrates IoT sensors, cloud 
computing, and a mobile application to optimize learning environments. IoT sensors, 
including temperature, light, and motion sensors, automate classroom management tasks such 
as adjusting lighting, ventilation, and security. Cloud computing infrastructure facilitates real-
time data processing, storage, and analysis, allowing educators to monitor and adapt learning 
conditions based on student performance and environmental factors. The mobile application 
enables remote control of classroom settings and provides students and teachers access to 
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learning materials and real-time updates, promoting flexibility and engagement in hybrid 
learning environments. This integrated approach enhances the learning experience by 
providing personalized, adaptive, and efficient solutions. 

 

Figur 1. Research Methodology Flowchart image structure. 

 

IoT Sensor Integration 

The integration of Internet of Things (IoT) sensors in smart classrooms plays a pivotal 
role in automating classroom management tasks and enhancing the learning experience. IoT 
sensors deployed in the smart classroom include: a.) Temperature sensors: These sensors 
monitor and adjust the temperature within the classroom to ensure a comfortable learning 
environment, improving student concentration and comfort. b.) Light sensors: These are used 
to control lighting based on the classroom's occupancy and natural light levels, optimizing 
energy usage while ensuring adequate lighting for learning activities. c.) Motion sensors: These 
sensors detect occupancy, enabling automatic management of lighting, HVAC systems, and 
security measures when the classroom is occupied or unoccupied. 

These IoT sensors work in synergy to automate classroom management tasks, such as 
controlling lighting, ventilation, and ensuring security. The integration of these technologies 
into the classroom environment helps create a more efficient and responsive educational 
space that adjusts to real-time conditions and optimizes resource usage. 

Cloud Computing Infrastructure 

Cloud computing plays a crucial role in the storage and processing of data within the 
smart classroom framework. The cloud server infrastructure is used to store vast amounts of 
classroom data, including environmental conditions, student performance metrics, and 
learning activity logs. a.) Cloud server integration ensures high availability and security of data, 
allowing it to be accessed from any device connected to the network, both by teachers and 
students. This integration helps streamline classroom operations and improves data 
accessibility across multiple devices. b.) Cloud-based applications are utilized for real-time 
monitoring and data analysis, enabling educators to receive immediate feedback and insights 
into classroom performance and student behavior. These applications also facilitate 
personalized learning, adaptive assessments, and administrative decision-making by providing 
real-time analytics and helping track students' academic progress and participation. 

This infrastructure enables the efficient handling of large-scale educational data and 
enhances the overall functionality of the smart classroom by providing a scalable and secure 
environment for data management. 

 

IoT Sensor 
Integration 

Cloud 
Computing 

Infrastructure 

Mobile 
Application 

Development 

-Description of IoT sensors used 
in the smart classroom (e.g., 
temperature, light, motion 
sensors). 
-Role of IoT in automating 
classroom management tasks 
such as lighting, ventilation, and 
security. 

-Explanation of the cloud 
server integration for storing 
and processing classroom 
data. 
- Use of cloud-based 
applications for real-time 
monitoring and data analysis. 

-Description of the mobile app for students and teachers to interact with classroom 
systems. 
- Features of the app, such as remote control of classroom settings and access to learning 
materials. 
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Mobile Application Development 

The development of a mobile application is central to the interaction between students, 
teachers, and classroom systems in a smart classroom environment. The mobile app provides 
an accessible platform for users to interact with classroom systems, monitor activities, and 
access educational resources remotely. The key features of the app include: a.) Remote control 
of classroom settings: The mobile app allows teachers to control classroom elements such as 
lighting, temperature, and audiovisual equipment from their mobile devices. This feature 
provides convenience and flexibility, enabling teachers to optimize the learning environment 
without needing to be physically present at the control panel. b.) Access to learning materials: 
Students can use the app to access course materials, assignments, and real-time updates. The 
app supports collaborative learning by enabling students to communicate with each other and 
participate in discussions, regardless of their physical location. 

The app’s seamless integration with IoT and cloud systems makes it a powerful tool for 
both educators and learners, promoting interaction, engagement, and accessibility in hybrid 
learning environments. This mobile solution enhances student learning experiences by 
ensuring that they have access to essential resources anytime and anywhere. 

 

4. Results and Discussion 

The integration of IoT and cloud computing in the smart classroom led to significant 
improvements in classroom management efficiency. IoT sensors were used to automate tasks 
such as controlling lighting, temperature, and security, while cloud computing allowed for 
real-time data processing and storage. This system resulted in energy savings, time efficiency, 
and reduced operational costs, with high user satisfaction from both teachers and students 
due to its ease of use and seamless integration. The ability to monitor classroom conditions 
and student performance in real time provided valuable insights for educators, enabling them 
to optimize the learning environment and teaching strategies. 

The smart classroom also had a positive impact on student engagement and interaction. 
The real-time feedback provided by IoT sensors and cloud-based applications made learning 
more interactive and personalized. Students appreciated the flexibility to access materials 
remotely, while teachers valued the ability to adjust teaching strategies based on real-time data. 
Overall, the integration of IoT and cloud computing not only improved classroom 
management but also enhanced the learning experience, fostering greater engagement and 
collaboration among students, and improving learning outcomes. 

 

Figur 2. Impact Of IoT and Cloud Integration in Classroom Management. 

Table 1. Classroom Management Impact Table. 

Metric Value (%) 

Energy Savings 20 
Time Efficiency Improvement 15 

User Satisfaction 85 
 
Here is a graph illustrating the impact of IoT and cloud computing integration in 

classroom management, showing improvements in energy savings, time efficiency, and user 
satisfaction. Additionally, a table has been displayed with the specific values for each metric. 
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This data highlights the significant benefits of the smart classroom system in enhancing 
classroom efficiency and overall user experience. 

Implementation Results 

The integration of IoT and cloud computing in the smart classroom environment was 
successfully implemented, with IoT sensors installed for monitoring and controlling key 
classroom variables such as temperature, lighting, and occupancy. The IoT system automated 
routine classroom management tasks, including adjusting lighting based on occupancy, 
controlling temperature to ensure comfort, and enhancing security by detecting unauthorized 
access. Cloud computing infrastructure was utilized to store large amounts of classroom data 
securely and process it in real time. This integration enabled educators to monitor student 
progress, assess performance, and adjust learning strategies based on real-time data. 

Data collected from the implementation of the IoT-based system showed significant 
improvements in classroom management efficiency. Notable energy savings were achieved 
through the automated control of lighting and HVAC systems based on occupancy and 
environmental conditions, leading to reduced operational costs. Time efficiency was also 
enhanced as the system reduced the need for manual intervention in classroom tasks, such as 
attendance tracking and environmental adjustments. User satisfaction, both from students 
and teachers, was high, with positive feedback highlighting the ease of use and seamless 
integration of IoT and cloud-based technologies into the classroom setting. 

Impact on Learning 

The introduction of IoT and cloud computing in the classroom had a notable impact on 
student engagement and interaction. The real-time feedback provided by IoT sensors and 
cloud-based applications facilitated more interactive learning experiences. Students were able 
to engage with learning materials and participate in activities more actively due to the 
personalized learning environments created by the system. The integration of smart boards, 
wearable devices, and interactive platforms further promoted collaborative learning, enabling 
students to work together in both in-person and remote settings. 

Feedback from both teachers and students revealed that the system significantly 
enhanced learning experiences. Teachers appreciated the real-time data analysis features, 
which allowed them to adapt their teaching strategies based on student behavior and 
performance. Students, on the other hand, enjoyed the flexibility and accessibility the system 
offered, particularly the ability to access course materials and participate in class activities 
remotely. The overall usability of the system was praised for its simplicity and efficiency, 
contributing to a more engaging and productive learning environment. 

 

5. Comparison 

The key differences between smart classrooms and traditional classrooms can be 
assessed through several performance indicators, including interactivity, adaptability, and 
resource management. In traditional classrooms, interactivity is primarily limited to face-to-
face interactions between students and teachers. Resource management is also often manual, 
requiring teachers to adjust environmental conditions like lighting or temperature manually, 
which can result in inefficiencies. On the other hand, smart classrooms leverage IoT devices 
and cloud computing, which enable real-time data collection and automated adjustments. For 
instance, IoT sensors can monitor and regulate lighting, temperature, and air quality 
automatically based on classroom occupancy and environmental factors, reducing energy 
consumption and enhancing comfort without manual intervention. 

Adaptability in traditional classrooms is constrained by fixed schedules and locations. In 
contrast, smart classrooms allow for flexible learning environments that can adapt to the 
needs of both in-person and remote students through cloud-based systems. The use of cloud 
computing ensures that students can access resources anytime and anywhere, promoting 
asynchronous learning and collaboration, which is not possible in conventional setups. 
Resource management in traditional classrooms is often limited to static, on-premise 
infrastructure, while smart classrooms benefit from cloud-based applications that enable 
dynamic, real-time management of educational resources, ensuring that resources are used 
efficiently and effectively. 

In terms of student and teacher experience, IoT and cloud computing have significantly 
improved the learning and teaching outcomes in smart classrooms. Teachers now have access 
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to real-time insights about student engagement, performance, and class environment, 
allowing them to adjust teaching strategies dynamically. Students benefit from personalized 
learning environments, where the classroom adapts to their needs, enhancing engagement 
and knowledge retention. The convenience of remote access and the ability to participate in 
hybrid learning models also increase overall student satisfaction. 

The interactive features of smart classrooms, facilitated by IoT devices and cloud 
computing, provide a significant advantage over traditional classroom setups. Smartboards, 
wearable devices, and real-time feedback systems enable continuous interaction between 
students, teachers, and classroom technologies. These interactive tools allow students to 
engage with learning materials more dynamically, while teachers can track engagement levels 
and adjust teaching methods accordingly. For example, real-time quizzes and immediate 
feedback on student performance enhance engagement and participation, fostering a more 
interactive learning environment. 

In comparison, traditional classrooms rely heavily on face-to-face teaching methods, 
where interaction is mostly verbal and limited by the physical classroom environment. The 
level of engagement in smart classrooms is typically higher than in traditional classrooms, as 
students are not only actively involved through technology but also benefit from personalized 
learning pathways that encourage self-regulation and continuous interaction with educational 
content. This level of engagement is further enhanced by the ability to collaborate with peers, 
regardless of location, through cloud-based platforms that support synchronous and 
asynchronous learning. 

6. Conclusions 

Conclusions 

The implementation of the smart classroom system has proven to be effective in 
optimizing classroom management and enhancing the overall learning experience. The 
integration of IoT sensors and cloud computing has significantly improved classroom 
efficiency, particularly in terms of energy savings, time efficiency, and user satisfaction. IoT-
enabled automation of environmental conditions such as lighting, temperature, and security 
has reduced operational costs, while cloud computing has facilitated real-time monitoring and 
data analysis, allowing for dynamic and personalized teaching strategies. Additionally, the 
smart classroom environment has fostered increased student engagement and interactive 
learning, with real-time feedback and remote accessibility contributing to improved academic 
performance and satisfaction. 

Key advantages of integrating IoT and cloud computing in educational environments 
include enhanced resource management, the ability to personalize learning based on real-time 
data, and the promotion of hybrid learning models that allow for greater flexibility and 
accessibility. The use of cloud-based platforms ensures that educational resources are 
available anytime and anywhere, making it easier for students to engage with materials, 
participate in activities, and collaborate with peers, regardless of their physical location. 

Recommendations 

Despite the positive outcomes, there are several areas for future improvement. Scalability 
remains a key challenge in adopting smart classroom technologies across larger educational 
institutions. As the implementation of IoT and cloud computing requires significant 
infrastructure, schools and universities should carefully plan for the technical integration and 
maintenance of these systems. Additionally, issues such as data privacy and the digital divide 
must be addressed to ensure equitable access to smart classroom technologies for all students. 

To further improve the effectiveness of smart classrooms, future research and 
development could focus on integrating more advanced AI and machine learning algorithms 
that can better predict student behavior and personalize learning experiences. Additionally, 
providing continuous professional development for educators is crucial to ensure they can 
effectively integrate these technologies into their teaching methods. 

For schools and universities considering the implementation of smart classrooms, it is 
recommended that they start with pilot projects to assess the feasibility and impact of the 
technologies on a smaller scale. Building a strong technological infrastructure, along with 
providing training and support for educators, will be essential for the successful adoption and 
long-term sustainability of smart classroom models. By addressing these challenges and 
focusing on continuous improvement, educational institutions can fully leverage the potential 
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of IoT and cloud computing to transform the learning experience and achieve better 
educational outcomes. 

 

References 

Hasengruber, K., & Pradner, D. (2022). Rebuilding our toolkits for the future: How social science research educators changed their 
teaching in 2020 and 2021 to be fit for a digital future. In International Conference on Higher Education Advances (pp. 371–
378). https://doi.org/10.4995/HEAd22.2022.14556 

Khanal, J. (2024). Shifting identities: An examination of student perceptions and experiences in face-to-face and online 
learning in Nepal. Education and Information Technologies, 29(4), 4287–4315. https://doi.org/10.1007/s10639-023-
12020-z 

Jung, I., Kudo, M., & Choi, S.-K. (2015). Towards effective and less stressful online collaborative learning strategies to 
promote engagement while minimizing unnecessary cognitive load and stress. In International Handbook of E-
Learning Vol. 1: Theoretical Perspectives and Research (pp. 115–125). https://doi.org/10.4324/9781315760933-15 

Sikhwari, M. (2025). Blended learning: Combining traditional and digital language teaching methods. In Digital Pedagogy in 
Early Childhood Language Development (pp. 145–176). https://doi.org/10.4018/979-8-3693-7437-5.ch007 

Kalya, S., Lee, C. H., & Teo, T. H. (2022). Enhanced learning experience for remote students in hybrid class model using 
360° view camera and telepresence robot. In Proceedings of IEEE International Conference on Teaching, Assessing, and 
Learning for Engineering (TALE 2022) (pp. 744–748). https://doi.org/10.1109/TALE54877.2022.00133 

Veluri, S., et al. (2025). From classrooms to digital spaces: The evolution of learning with AI and technology. Journal of 
Engineering Education Transformations, 38(Special Issue 2), 375–383. 
https://doi.org/10.16920/jeet/2025/v38is2/25045 

Irshad, M. (2024). Challenges in integrating computer-assisted language learning: Self-reflective insights from an ESL 
practitioner in Sri Lanka. In Computer-Assisted Language Learning in the Global South (pp. 24–43). 
https://doi.org/10.4324/9781003495956-3 

Beloufa, C. (2024). Leading the shift to online English education: Insights into managing virtual learning environments. In 
21st International Learning and Technology Conference (pp. 337–342). https://doi.org/10.1109/LT60077.2024.10469252 

Adsız, M., & Dinçer, S. (2025). The analysis of classroom management challenges faced by teachers in online classrooms. 
TechTrends, 69(2), 345–361. https://doi.org/10.1007/s11528-025-01042-8 

Veluri, M. (2025). From classrooms to digital spaces: The evolution of learning with AI and technology. Journal of 
Engineering Education Transformations, 38(Special Issue 2), 375–383. 
https://doi.org/10.16920/jeet/2025/v38is2/25045 

Thong, L. W., Wong, C. O., Yip, S. C., & Ng, M. (2024). Redefining learning spaces: A holistic exploration of hybrid 
classroom approaches. In Lecture Notes in Educational Technology (pp. 275–281). https://doi.org/10.1007/978-981-
97-4507-4_30 

Pradeep, A. (2023). Developing an IoT-enabled smart classroom S3TH system. In Proceedings of the 5th International Conference 
on Inventive Research in Computing Applications (ICIRCA 2023) (pp. 1374–1379). 
https://doi.org/10.1109/ICIRCA57980.2023.10220862 

Banu, F. J., Revathi, R., Suganya, M., & Gladiss Merlin, N. R. (2020). IoT-based cloud-integrated smart classroom for 
smart and sustainable campus. Procedia Computer Science, 172, 77–81. https://doi.org/10.1016/j.procs.2020.05.012 

Arora, Y. (2024). Integration and applications of cloud IoT in the education sector. In Integration of Cloud Computing and IoT 
(pp. 230–246). https://doi.org/10.1201/9781032656694-13 

Ugli, A. D. A., Binu, V. S., Vincy, V. G. A. G., & Kizi, K. S. M. (2025). Implementation of IoT-based smart classroom for 
improving interactive learning. AIP Conference Proceedings, 3306, 030073. https://doi.org/10.1063/5.0275790 

Gautam, A., & Kotiyal, A. (2024). Connecting the future: Cloud-based IoT in education. In Integration of Cloud Computing 
and IoT (pp. 274–308). https://doi.org/10.1201/9781032656694-15 

Raes, A., Detienne, L., Windey, I., & Depaepe, F. (2020). A systematic literature review on synchronous hybrid learning: 
Gaps identified. Learning Environments Research, 23(3), 269–290. https://doi.org/10.1007/s10984-019-09303-z 

Sulitiyanti, S. R., Komarudin, M., Setyawan, F. X. A., Septama, H. D., Yulianti, T., & Ammar, M. F. (2024). Analyzing the 
impact of occupancy patterns on indoor air quality in university classrooms using a real-time monitoring system. 
International Journal of Advanced Computer Science and Applications, 15(10), 485–492. 
https://doi.org/10.14569/IJACSA.2024.0151051 

Pulle, A. R., Tanuwijaya, R. W., Abyudaya, W. S., & Siswanto, B. (2024). Preventing the harmful impact of air quality in 
classrooms using IoT devices. In 7th International Seminar on Research of Information Technology and Intelligent Systems 
(ISRITI 2024) (pp. 587–591). https://doi.org/10.1109/ISRITI64779.2024.10963546 

https://doi.org/10.4995/HEAd22.2022.14556
https://doi.org/10.1007/s10639-023-12020-z
https://doi.org/10.1007/s10639-023-12020-z
https://doi.org/10.4324/9781315760933-15
https://doi.org/10.4018/979-8-3693-7437-5.ch007
https://doi.org/10.1109/TALE54877.2022.00133
https://doi.org/10.16920/jeet/2025/v38is2/25045
https://doi.org/10.4324/9781003495956-3
https://doi.org/10.1109/LT60077.2024.10469252
https://doi.org/10.1007/s11528-025-01042-8
https://doi.org/10.16920/jeet/2025/v38is2/25045
https://doi.org/10.1007/978-981-97-4507-4_30
https://doi.org/10.1007/978-981-97-4507-4_30
https://doi.org/10.1109/ICIRCA57980.2023.10220862
https://doi.org/10.1016/j.procs.2020.05.012
https://doi.org/10.1201/9781032656694-13
https://doi.org/10.1063/5.0275790
https://doi.org/10.1201/9781032656694-15
https://doi.org/10.1007/s10984-019-09303-z
https://doi.org/10.14569/IJACSA.2024.0151051
https://doi.org/10.1109/ISRITI64779.2024.10963546


International Journal of Humanities and Social Sciences Reviews 2025 (September), vol. 1, no. 3, Hilir, et al. 10 of 10 

 

González, J. R., Sánchez Sánchez, N., Seoane Pujol, I., & Díaz Palencia, J. L. (2025). Challenges and perspectives in the 
evolution of distance and online education towards higher technological environments. Cogent Education, 12(1), 
2447168. https://doi.org/10.1080/2331186X.2024.2447168 

Stoumpos, A. I., & Stoumpou, R. I. (2025). Modern digital and technological educational methods. Trends in Higher 
Education, 4(2), Article 25. https://doi.org/10.3390/higheredu4020025 

Ramos, A., Jesus, V. B., Goncalves, C., Caetano, F., & Silveira, C. (2023). Monitoring indoor air quality and occupancy 
with an IoT system: Evaluation in a classroom environment. In Iberian Conference on Information Systems and 
Technologies (CISTI 2023). https://doi.org/10.23919/CISTI58278.2023.10211974 

Vetrivel, S. C., & Mohanasundaram, T. (2024). Beyond the blackboard: Embracing hybrid learning spaces. In Global 
Perspectives on Micro-Learning and Micro-Credentials in Higher Education (pp. 10–28). https://doi.org/10.4018/979-8-
3693-0343-6.ch002 

Shi, Y., Yang, H., Zhang, J., Pu, Q., & Yang, H. H. (2020). A meta-analysis of students' cognitive learning outcomes in 
smart classroom-based instruction. In Proceedings of the International Symposium on Educational Technology (ISET 2020) 
(pp. 8–12). https://doi.org/10.1109/ISET49818.2020.00012 

Ghallabi, S., Essalmi, F., Jemni, M., & Kinshuk. (2015). Enhanced federation and reuse of e-learning components using 
cloud computing. In Lecture Notes in Educational Technology (pp. 159–166). https://doi.org/10.1007/978-3-662-
44188-6_23 

Lin, J. (2024). Deep learning-driven optimization strategies for teaching decisions in smart classrooms. International Journal 
of Interactive Mobile Technologies, 18(15), 63–77. https://doi.org/10.3991/ijim.v18i15.50691 

Alshemaimri, B., Badshah, A., Daud, A., Bukhari, A., Alsini, R., & Alghushairy, O. (2025). Regional computing approach 
for educational big data. Scientific Reports, 15(1), 7619. https://doi.org/10.1038/s41598-025-92120-7 

Xu, L. (2025). Navigating the educational landscape: The transformative power of smart classroom technology. Journal of 
the Knowledge Economy, 16(2), 10389–10420. https://doi.org/10.1007/s13132-024-02233-z 

Ponde, P. (2025). Security and privacy considerations in cloud-based education. In Bridging Academia and Industry Through 
Cloud Integration in Education (pp. 175–194). https://doi.org/10.4018/979-8-3693-6705-6.ch007 

Chen, J., & Liu, H. (2024). Effects of smart classroom on students' learning outcomes: A meta-analysis. International Journal 
of Web-Based Learning and Teaching Technologies, 19(1). https://doi.org/10.4018/IJWLTT.356509 

Shakil, K. A., Sethi, S., & Alam, M. (2015). An effective framework for managing university data using a cloud-based 
environment. In International Conference on Computing for Sustainable Global Development (INDIACom 2015) (pp. 1262–
1266). https://doi.org/10.1109/INDIACom.2015.7100452 

Gowthambalagi, M., Vishnu, S. M., NaveenKumar, M., & Raja, S. (2025). Enhancing student engagement and 
performance in online classrooms through a smart management application. In 3rd International Conference on 
Electronics and Renewable Systems (ICEARS 2025) (pp. 1192–1196). 
https://doi.org/10.1109/ICEARS64219.2025.10940928 

Alfoudari, A. M., Durugbo, C. M., & Aldhmour, F. M. (2021). Understanding socio-technological challenges of smart 
classrooms using a systematic review. Computers & Education, 173, 104282. 
https://doi.org/10.1016/j.compedu.2021.104282 

Chen, C., & Xiao, L.-G. (2025). Human–computer interaction in smart classrooms: Enhancing educational outcomes in 
Chinese higher education. International Journal of Human–Computer Interaction. 
https://doi.org/10.1080/10447318.2025.2483851 

Kotaru, C., & Kolasani, D. (2025). Cloud computing for scalable and sustainable education solutions. In AI-Enabled 
Sustainable Innovations in Education and Business (pp. 149–169). https://doi.org/10.4018/979-8-3373-3952-8.ch007 

Gupta, N., Sharma, N., & Sood, S. (2022). Empirical analysis on parameters for adoption of cloud-based e-learning in 
Indian higher education system: A user’s perspective. In Lecture Notes in Networks and Systems (Vol. 191, pp. 977–
991). https://doi.org/10.1007/978-981-16-0739-4_91 

Yang, W., & Yu, W. (2024). Research and application of big data preschool music education platform under “cloud 
computing.” In Lecture Notes of the Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 
(Vol. 583, pp. 283–293). https://doi.org/10.1007/978-3-031-63139-9_30 

 

https://doi.org/10.1080/2331186X.2024.2447168
https://doi.org/10.3390/higheredu4020025
https://doi.org/10.23919/CISTI58278.2023.10211974
https://doi.org/10.4018/979-8-3693-0343-6.ch002
https://doi.org/10.4018/979-8-3693-0343-6.ch002
https://doi.org/10.1109/ISET49818.2020.00012
https://doi.org/10.1007/978-3-662-44188-6_23
https://doi.org/10.1007/978-3-662-44188-6_23
https://doi.org/10.3991/ijim.v18i15.50691
https://doi.org/10.1038/s41598-025-92120-7
https://doi.org/10.1007/s13132-024-02233-z
https://doi.org/10.4018/979-8-3693-6705-6.ch007
https://doi.org/10.4018/IJWLTT.356509
https://doi.org/10.1109/INDIACom.2015.7100452
https://doi.org/10.1109/ICEARS64219.2025.10940928
https://doi.org/10.1016/j.compedu.2021.104282
https://doi.org/10.1080/10447318.2025.2483851
https://doi.org/10.4018/979-8-3373-3952-8.ch007
https://doi.org/10.1007/978-981-16-0739-4_91
https://doi.org/10.1007/978-3-031-63139-9_30

