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	 Integrating sensor technology into education enables the assessment of student engagement, 
self-regulated learning, and cognitive performance. We examined the application of sensor 
technology to improve learning outcomes while addressing challenges such as financial 
constraints, data privacy concerns, and the need for educator training. Structured questionnaire 
surveys were conducted with students and teachers from various educational institutions. The 
findings revealed that sensor technology significantly improved student engagement, self-
regulated learning, and cognitive performance. However, challenges related to the 
implementation methods and ethical considerations highlighted the necessity for professional 
development and enhanced data management policies. With adequate support and resources, 
sensor technology has the potential to effectively transform educational experiences and 
outcomes. The results of this study confirm that integrating sensor technology into education not 
only improves learning outcomes but also establishes it as a powerful, technology-driven 
educational tool.

1.	 Introduction

	 Wearable and eye-tracking devices with sensor technology are used in collecting real-time 
physiological and psychological data in education to monitor how students learn and interact 
within classrooms.(1) Wearable sensors are used to measure heart rates and stress levels to 
understand how actively students are engaged with their learning and maintain their emotions 
appropriately. Through such a data-driven approach, student behavior is improved, individual 
needs are satisfied, and learning experiences are improved. 
	 The development of the Internet of Things (IoT) enables various devices and systems to be 
used in education.(2) Technological convergence using IoT and connected devices is essential in 
smart classrooms. For instance, IoT-enabled classrooms leverage sensor data to automatically 
regulate lighting and air quality, creating an optimized environment for enhanced learning. Such 
an educational setting addresses students’ needs more effectively than traditional methods by 
offering innovative, responsive, engaging, and motivating approaches to learning.(3)
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	 Sensor technology has immense potential in education. However, several issues must be 
examined. Data privacy and consent for its use must be considered especially in the case of 
minors. Regulations must be obeyed when collecting and using student data. The accuracy and 
reliability of sensor devices to collect data must be validated carefully as they directly impact the 
quality of collected data.(4) Financial constraints are also critical for the proliferation of 
technology in schools, especially in impoverished districts. The ethical use and effective 
implementation of sensor technology necessitate a well-structured framework that establishes 
the best practices for data management and provides comprehensive training programs for 
teachers. Teachers, engineers, and policymakers must cooperate to develop the framework 
collaboratively. In the framework, sensor technology is used to enhance student engagement, 
improve educational outcomes,(5) and provide a personalized learning experience. Despite 
ethical issues and technological challenges, its benefits are obvious. Therefore, sensor technology 
needs to be used for effective teaching and learning. 
	 Sensor technology is transforming traditional teaching and learning into data-based teaching 
and learning. In education, wearable and eye-tracking devices equipped with various sensors 
can be used to monitor student behavior and physiological states. By understanding the level of 
student engagement using the data, teachers can provide personalized learning and interactive 
learning using diverse learning tools.(6) Sensor technology with IoT has offered diverse 
educational functions to collect educational data and evaluate student performance.(7) Students 
receive real-time feedback on their performances and progress. The feedback can be generated 
using machine learning algorithms that analyze sensor data to support predictive analytics and 
formulate effective educational strategies.(7) However, the implementation of sensor technology 
requires the consideration of data privacy, consent on its use, related regulations, and technical 
constraints. In particular, the accuracy and reliability of the gathered data must be guaranteed 
for the accurate assessments of student engagement. Budget constraints in educational 
institutions pose a challenge to adopting advanced sensor technology and networks.(8) Despite 
such challenges, it is necessary to develop a framework to integrate sensor technology into 
education along with guidelines for data management and effective teacher training programs. 
An extensive collaboration of teachers, engineers, and policymakers is mandatory to increase 
student engagement and develop personalized learning programs while protecting students’ 
rights.(9)

	 Advanced sensor technology needs to be implemented in education but its effectiveness must 
be evaluated to ensure its favorable impact. Therefore, we examined the effectiveness of sensor 
technology in enhancing student engagement and motivation. We also identified the best practice 
for integrating sensor technology into existing curricula, emphasizing the use of real-time data 
to customize instructional strategies and improve learning outcomes.(10) The ethical issues in 
using sensor data were investigated to develop guidelines that ensure responsible data use and 
management in education.
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2.	 Innovation in Sensor Technology

2.1	 Advanced materials 

	 Sensor technology has been significantly advanced owing to the development of advanced 
materials, especially, nanomaterials. Nanomaterial-based sensors such as graphene and carbon 
nanotubes demonstrate outstanding conductive and thermal functionalities as well as mechanical 
strength, which results in precise and sensitive detection methods in physical, chemical, and 
biological applications.(11) Such materials are used to develop sensors for environmental 
monitoring and healthcare diagnosis with diverse functionality. Owing to its detection capability, 
graphene-based sensors are used to identify pollutants in extremely low concentrations in water 
and air for environmental monitoring. Nanomaterials enable miniaturized sensing devices 
integrated into wearable technology for real-time health monitoring. Advanced materials are 
reshaping sensor technology by delivering improved performance and lowered costs across 
different industry sectors.

2.2	 Wearable sensors

	 The development of sensor technology for wearable devices presents a significant 
breakthrough with major applications in health monitoring. The sensors are used on the skin or 
even on clothes to monitor heart rate, temperature, and physical movements. Wearable devices 
with such sensors enable comfort and easy movement for continuous and effective monitoring. 
Stretchable sensors are used because of their ability to adapt their shape to conform to various 
body parts. Monitoring physiological responses during exercise is essential for sports science 
and rehabilitation.(12) The data captured from these wearable sensors is transferred to mobile 
devices and cloud servers for real-time analysis and personalized healthcare.

2.3	 Multifunction sensors

	 The advancement of sensor technology enables multifunction sensors that integrate different 
sensing abilities. With multiple functionalities, one sensor simultaneously detects physical and 
chemical properties and biological indicators, or temperature and humidity. The sensor has a 
minimal spatial requirement and production costs. Multifunction sensors are mainly used in 
smart home systems and healthcare devices.(13)

2.4	 Smart sensors 

	 Smart sensors operate in IoT systems mainly for data collection. They incorporate 
microprocessors that process data as it is collected, so they show faster responses and better 
efficiency than conventional sensor-equipped devices or systems. Smart sensors are used to 
monitor traffic signals, equipment performance, and failure or defect detection in manufacturing. 
Their IoT connectivity enables quick decision-making in healthcare, manufacturing, and 
transportation applications.
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2.5	 Environmental monitoring 

	 For environmental monitoring and protection, greenhouse gases or dangerous gases and 
materials need to be monitored. Air and water qualities are important in maintaining the 
environment in accordance with regulatory compliance. Advanced portable sensors with 
extended operational capabilities are required for their remote deployments.(14) Such 
environmental sensors are essential for monitoring climate change and the ecosystem. 
Environmental sensor data are processed by AI algorithms to predict related parameters in the 
future on the basis of historical data.

2.6	 Expected trend in sensor technology

	 AI-integrated sensing devices and systems are inevitable in predictive analytics and 
autonomous decision-making. Sensors such as light detection and ranging (LiDAR) and cameras 
are used for autonomous driving. Energy-efficient sensors are increasingly used in IoT devices. 
Sensors with energy harvesting technology are being developed to enable self-sustaining 
operation. Technological advances in materials science and IoT systems enhance the 
functionality of various sensors. These advancements expand the applications of sensors across 
healthcare, environmental monitoring, automotive safety, smart infrastructure development, and 
education. 

2.7	 Sensor technology in this study 

	 Wearable devices (fitness trackers), eye-tracking devices, and biometric sensors (heart rate 
monitoring devices) were used in this study. 
	 Fitness trackers were used to monitor physiological responses during learning activities. We 
tracked physical movements and activity levels to understand the relationship between a 
student’s engagement with learning tasks and their learning outcomes. The data collected were 
analyzed to see if physical activity or specific movements correlate with better retention or 
comprehension of certain subjects. As a multifunction sensor, eye-tracking sensors were adopted 
in this study to capture where a student is looking, their viewing patterns, and dilation. This data 
was used to analyze a student’s cognitive load, attention level, and engagement in learning. The 
data collected is crucial for understanding how students interact with digital or physical learning 
resources and for identifying areas of confusion or disinterest. Biometric sensors were used to 
monitor heart rate. In education, a heart rate monitor is widely used to assess a student’s stress 
levels, emotional responses, and engagement in learning tasks. An increased heart rate indicates 
cognitive effort, emotional stress, or excitement, while a stable heart rate suggests focusing. The 
data captured were analyzed to understand how the physiological state influences learning 
outcomes. 
	 Those sensors were used to monitor physiological signals to measure students’ stress levels 
and engagement in learning activities in this study. We conducted a literature review to identify 
the factors used for evaluating the effectiveness of sensors used in the devices.(15)
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3.	 Sensor Technology in Education

3.1	 Student engagement

	 Sensor technology has been proven to be significant in improving student engagement in 
smart classrooms (Fig. 1). Wearables and eye-tracking systems are used to monitor physiological 
responses and generate feedback on their engagement levels in real time. Heart rate variability 
(HRV) and stress levels are measured to understand students' emotional states during different 
learning activities. The data allow teachers to adjust teaching strategies to create a sensitive 
learning environment for the students’ needs.(16) Eye-tracking technology enables teachers to 
estimate visual attention and cognitive load and understand why students are distracted. Sensor 
technology is used to increase student engagement and help teachers provide personalized 
learning to enhance the students’ active participation and motivation.

3.2	 Self-regulated learning

	 Support functions using sensor technology help students self-regulate their learning. 
Physiological responses and emotional states are monitored using sensors to help students 
control their educational progress.(17) Students receive real-time feedback on their stress and 
disengagement levels measured using sensors to help them change self-regulation strategies by 
taking breaks or adjusting study habits. Students can analyze their data for better self-awareness 
and selection of their learning methods. Such data are used to increase autonomy in learning and 
enhance academic performance. To respond to this, schools need to develop a student-centered 
learning culture by providing appropriate tools to trace their engagement performance and 
monitor emotional states.

Fig. 1.	 (Color online) Technologies used in a smart classroom.
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3.3	 Cognitive performance

	 Enhancing learning engagement and self-regulated learning leads to improved student 
behavior and educational achievements.(18) Using sensor data, teachers can support students in 
achieving better educational outcomes and develop adaptable teaching approaches to maintain 
their interest in learning. Machine learning algorithms also require sensor data to develop 
personalized learning methods. By establishing teaching methods with personalized cognitive 
profiles, students can enhance their learning performance significantly.

3.4	 Challenges in using sensor technology

	 Adopting sensor technology has problems with the accuracy and reliability of its data. 
Despite improvements in sensor technology, the sensitivity, selectivity, and precision must be 
examined before its implementation.(19) Several advanced sensors are too expensive to be used in 
schools as they require substantial investment.(20) Variations in performance can lead to 
inaccuracies in interpreting data on student engagement and emotional states and undermine the 
effectiveness of interventions.(21) Ethical issues related to data privacy protection and obtaining 
consent on data usage must be addressed. Concerns about data collection and utilization need to 
be resolved by complying with stringent data privacy regulations and ethical guidelines. 
Students’ informed consent and parents’ agreement on collecting and using data must be 
obtained to use the data in applications. 

4.	 Materials and Methods

4.1	 Questionnaire survey

	 To examine how sensor technology affects educational outcomes, we collected data through 
questionnaire surveys with students and teachers in different schools that were using devices 
with sensor technology. The questionnaire was designed to evaluate student engagement, 
motivation, cognitive performance, and the application and effectiveness of sensor technology in 
educational environments. The questionnaire included sections on demographic information, 
perceived sensor technology use, and self-report engagement and motivation. The demographic 
information included age, gender, grade (for students), teaching experience (for teachers), and 
experience with devices with sensor technology. The information was used to understand how 
the demographic factors affected perceptions and experiences of the devices. A five-point Likert 
scale from "strongly disagree" to "strongly agree" was used in the questionnaire survey.
	 In the survey, 111 valid responses were obtained from a diverse group of students and 
teachers affiliated with higher educational institutions. The respondents’ ages ranged from 15 to 
52 years, and 48.6% were 18–25 years old. Of the respondents, 54 were males (48.6%), 53 were 
females (47.7%), and 4 (3.6%) did not disclose their gender. Student respondents were enrolled in 
undergraduate courses from the junior to senior year. The teachers had 2 to 25 years of teaching 
experience (Table 1).
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4.2	 Data analysis 

	 Descriptive statistics were used to summarize the participants’ demographics and their 
responses. The relationships between variables, including the effect of the sensor technology on 
student engagement and motivation levels, and correlation coefficients between the factors were 
calculated. Regression analysis was conducted to investigate relationships between independent 
variables and a dependent variable (self-reported engagement). Data were analyzed using 
Statistical Product and Service Solutions (SPSS).

4.3	 Ethical considerations

	 Ethical considerations were paramount in this study as some participants were minors. For 
the participants 18 years old and younger, we obtained parental permission, while adult 
participants agreed to their involvement in this research. Each participant had the right to 
withdraw their consent for this research at any time, without facing any negative consequences 
during or after the study. We also ensured that participants’ data would be used solely for this 
research and will remain protected in compliance with ethical guidelines.

5.	 Results

	 Descriptive statistics of the variables are summarized in Table 2. The mean score for sensor 
technology usage was 3.34 [standard deviation (SD) = 0.56], indicating a moderate level of usage 
among participants. Student engagement scored 3.74 (SD = 0.51) on average, reflecting a high 
level of engagement. Self-regulated learning scored 3.41 (SD = 0.57), while cognitive 
performance scored 3.35 (SD = 0.69).
	 The Pearson correlation coefficients of variables are shown in Table 3. Student engagement 
increased with the use of sensor technology (r = 0.350; p < 0.01). The relationship between 
sensor technology usage and self-regulated learning was not significant (r = −0.192, p = 0.057), 

Table 1 
Descriptive statistics of respondents of questionnaire survey.
Variable Category Frequency (n) Proportion (%)

Age group (years)

15–17 12 10.8
18–25 54 48.6
26–35 23 20.7
36–45 15 13.5
46–52 7 6.4

Gender
Male 54 48.6

Female 53 47.7
Not stated 4 3.6

Affiliation
Student 72 64.9
Teacher 39 35.1

Teaching experience (years)
2–5 15 38.5*
6–15 17 43.6*
16–25 7 17.9*
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although it demonstrated a negative relationship. Sensor technologies did not show a significant 
correlation with learning performance (r = 0.033, p = 0.745). Student engagement was not 
significantly related to self-regulated learning (r = −0.076, p = 0.428). Students with higher self-
regulated learning demonstrated better cognitive performance (r = 0.463, p < 0.01).
	 The variables of the regression model are shown in Table 4. The model demonstrated 
moderate fitness with an R of 0.568 and an R2 of 0.322, indicating that 32.2% of the variance in 
cognitive performance was explained by sensor technology usage, self-regulated learning, and 
student engagement.
	 The results of the analysis of variance (ANOVA) are shown in Table 5. The regression model 
was statistically significant [F(3, 95) = 15.054, p < 0.001], indicating that the predictors are 
statistically significant to cognitive performance.

6.	 Discussion

6.1	 Sensor technology usage

	 The use of sensor technology enhanced student engagement, demonstrating that educational 
technology integration contributed to active student participation in classroom activities in this 

Table 2
Descriptive statistics.

N Minimum score Maximum score Mean score SD
Sensor technology usage 99 1.80 4.60 3.3374 0.55670
Student engagement 111 2.40 5.00 3.7401 0.50732
Self-regulated learning 111 1.80 4.40 3.4108 0.56751
Cognitive performance 111 1.20 5.00 3.3532 0.68806
Valid N (listwise) 99

Table 3
Correlation coefficients between variables.

Sensor technology 
usage

Student 
engagement

Self-regulated 
learning

Cognitive 
performance

Sensor 
technology 
usage

Pearson Correlation 1 0.350** −0.192 0.033
Significance (2-tailed) 0.000 0.057 0.745
N 99 99 99 99

Student 
engagement

Pearson Correlation 0.350** 1 −0.076 0.231*

Significance (2-tailed) 0.000 0.428 0.015
N 99 111 111 111

Self-regulated 
learning

Pearson Correlation −0.192 −0.076 1 0.463**

Significance (2-tailed) 0.057 0.428 0.000
N 99 111 111 111

Cognitive 
performance

Pearson Correlation 0.033 0.231* 0.463** 1

Significance (2-tailed) 0.745 0.015 0.000
N 99 111 111 111

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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study, which aligned with a previous study result.(22) Students who used sensor-equipped devices 
better understood their stress levels and emotional states, making them more aware of themselves 
and increasing personal motivation. Sensor technology increased student engagement, but not 
self-regulated learning. Therefore, teachers need to develop teaching strategies that combine 
sensor technology with explicit teaching methods to help students benefit from the sensor data in 
learning.

6.2	 Student engagement

	 Student engagement is essential for academic success because it directly affects cognitive 
performance. Students who actively engage in learning show high academic achievement 
because they put in more effort and maintain a stronger focus on learning than do students with 
low academic achievement. The learning engagement connects instructional practices to 
educational outcomes.(18) Sensor technology can be used to improve student engagement using 
instant feedback while creating student-led learning. Despite boosting student engagement, self-
regulated learning was not significantly correlated with student engagement. Therefore, teachers 
need to develop teaching methods that foster self-regulated learning by incorporating goal-
setting and reflection-based activities.

6.3	 Self-regulated learning

	 Self-regulated learning is a significant explanatory variable correlated with student cognitive 
performance. Students who effectively managed their learning processes showed higher 
academic accomplishments. Sensor technology did not directly improve self-regulated learning, 
but allowed students to perceive their learning practices and behavior.(23) Sensor data on 
emotional states and engagement levels were used to effectively provide feedback on their study 
methods and practices. Teachers need to use sensor data to promote self-regulated learning. To 

Table 4
Regression model of variables (Model Summary).

Model R R2 Adjusted R2 Standard error of estimate
1 0.568a 0.322 0.301 0.58289

aPredictors: (Constant), sensor technology usage, self-regulated learning, student engagement

Table 5
ANOVAa result.

Model Sum of squares Degrees of 
freedom Mean square F Significance

1
Regression 15.344 3 5.115 15.054 0.000b

Residual 32.277 95 0.340
Total 47.622 98

aDependent variable: cognitive performance
bPredictors: (constant), sensor technology usage, self-regulated learning, student engagement
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ensure students use sensor data effectively and determine their learning paths, the pedagogical 
instruction of teachers is necessary.

6.4	 Cognitive performance

	 Student engagement and self-regulated learning had a positive relationship with cognitive 
performance, demonstrating that students who were engaged and self-aware performed better. 
Therefore, it is essential to foster active student involvement and personal awareness in learning. 
Further investigation is needed to study teaching effectiveness, classroom environment, and 
individual differences to explain cognitive performance in more detail. To improve cognitive 
performance, sensor technology can be used to enhance student engagement and self-regulated 
learning.

6.5	 Implications 

	 Teachers need to strengthen student engagement and self-regulated learning using sensor 
technology. Teachers must be trained to effectively implement sensor technology. Professional 
programs must be provided for teachers to understand how to use sensor data for instructional 
decision-making. Implementing sensor technology in education requires sufficient investment 
and support. In addition, schools need to develop programs to help students enhance learning 
outcomes by comprehending the obtained sensor data. Schools also need to assist teachers in 
using sensor technology and developing effective teaching strategies.

6.6	 Challenges 

	 Obstacles are found in deploying sensor technology in education. For its effective use, 
teachers need to learn technical skills to use sensor-equipped devices effectively. However, not 
all teachers are familiar with sensors and devices. Therefore, it is mandatory to train teachers for 
technology integration. Introducing sensor-equipped devices in schools requires substantial 
financial costs. Public schools have budget constraints that restrict their investment in sensor-
based, technology-supported systems. Budget constraints hinder the adoption of innovative 
sensor technologies and contribute to disparities in their implementation. Concerns over security 
and privacy related to student data also impede the deployment of educational sensor technology. 
Schools have complicated privacy rules to protect student data owing to the lack of effective 
protective measures. Sensor technology needs to be integrated into a standardized curriculum. 
Because of its high costs and security and privacy concerns, sensor technology cannot be applied 
to individual curricula. 
	 The lack of training programs, investment, security measures, and standardized curricula 
prevents schools from adopting sensor technology. Therefore, authoritative leadership is required 
to enable schools to use sensor technology in education for better outcomes.
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7.	 Conclusions 

	 The positive effect of sensor technology on enhancing student engagement, self-regulated 
learning, and cognitive performance was verified in this study. With the increasing prevalence 
of technology in education, recognizing the significance and practicality of sensor technology is 
vital for shaping pedagogical practices that meet evolving demands. The findings of this research 
illustrate the importance of integrating sensor technology into the curriculum to educate 
engaged and successful students. 
	 By addressing the lack of training programs, investment, security measures, and standardized 
curricula, teachers and policymakers can implement sensor technology to maximize its benefits. 
The relationship between student engagement, self-regulated learning, and cognitive 
performance with sensor technology usage provides an important basis for future research. 
Sensor technology in education needs to be further optimized to enhance its advantages and 
extend its usage. 
	 Integrating advanced sensor technology into education offers significant opportunities to 
enhance student engagement, self-regulated learning, and cognitive performance by providing 
tools to effectively manage learning processes and mental capabilities. The advantages of 
technology applications must be leveraged to unleash students’ potential and help schools 
provide improved educational experiences. In schools, technological innovation, ethical 
standards, and professional development must be emphasized. Collaboration between teachers, 
engineers, and policymakers is mandatory to develop integration strategies of sensor technology 
into educational frameworks. Such collaboration enables students to build valuable skills and 
acquire the knowledge necessary to excel in future careers.
	 While sensor technologies (wearables, eye tracking, biometrics) show promise for improving 
student engagement in education, more research is needed to prove they actually enhance 
cognitive performance. We surveyed teachers and students in schools, but more respondents in 
higher education institutions need to participate in further studies. Then, student engagement 
and cognitive ability enhancement can be examined in more detail to enable better-optimized 
integration of sensor technology into education. 
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