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Abstract: Learning environments are a very important component in the educational system, and have a major 

role in improving learners’ performance. However changes in Indoor Environment Quality (IEQ) factors such 

as temperature, CO2 level, and noise in addition to the number of students per class can harm learners’ health 

and decrease their knowledge acquisition capacities. Due to the number of studies that showed how IEQ 

improvement leads to students’ performance increase, this paper present the implementation, design and results 

of a WSN based IEQ monitoring system for the sake of students’ performance improvement and decision 

making accuracy increase. 
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 Introduction 

 
Studies such as those conducted in [12], [4] and [3] showed the strong relationship that exist between Learning 
Environments Indoor Quality and students’ performance. Learning environment such as classrooms are considered an 
important element in the educational process. Consequently, having poor quality environments, implies to have low 
students’ knowledge acquisition, which is a problem that needs to be solved. To see the importance of this issue, 
assuming to have a class with 20 students and with the following conditions: 

 Before every class begins, teachers need to count the number of attending students, which takes a significant 
amount of time that can be used more wisely. 

 Often, loud construction work take place near the school. Due to its noise it influences negatively students’ 
ability to concentrate. 

 A small classroom, and a large number of students, lead to CO2 level increase, which creates an unhealthy 
environment. 

 Therefore, the need for a system that can tell when learning environments are not convenient for a positive 
knowledge acquisition is noticed. To satisfy this requirement, the aim of this work is to make learning 
environments more autonomous and intelligent using a rapid growing technology such as WSN. This system, 
which was implemented as a web application and tested in a simulated environment, aims to make factors such 
as the number of students per class, CO2, noise and temperature levels easily monitored and allows to: 

 Count automatically the number of students per class at every desired moment. (section 5 C-1) 

 Alert when environment quality is decreasing due to high CO2 and/or noise levels or temperature. (sections 5 C-
2, 5 C-3 and 5 C-4) 

 Have statistics about the history of learning environment physical measurements for every class independently. 
(section 4) 

 Find with high accuracy the best environment conditions that maximizes students’ performance (optimal 
students per class, CO2, noise and temperature levels). 

 Improve classes scheduling by managing classrooms availability in real time.(section 4) 

 

Background 

 

To give an overview of the context of this paper, the relationship between learning environments quality, or Indoor Air 

Quality (IAQ), and students’ performance is discussed. According to the Centers for Disease Control and Prevention, due 

to poor air ventilation, asthma is one of the leading causes of school absenteeism. It is also found that children overall 

performance decreases with illness and absences from school as stated by Moonie, Sterling, Figgs and Castro in [13]. The 

research in [1] proved that most schools ventilation rates are below recommended levels, and also that improved IAQ 
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increases productivity and improves the performance of mental tasks, such as students’ concentration and recall (CDC). 

Therefore, learning environments’ quality is still a problem that schools and institutions face, especially with the major 

impact that low quality learning environments have on reducing students’ performance in acquiring knowledge and 

passing tests. 

On the other hand, the work conducted in [9], highlighted a problem of limited data on indoor air and environmental 

quality (IEQ) in schools, and how IEQ affects attendance, health, or performance, which makes problem diagnosis more 

complicated. 

As a result, the conclusion that can be made is the existence of a need for an automated system that allows an intelligent 

management of IEQ factors such as CO2, humidity and temperature in order to make accurate decisions for the 

improvement of learning conditions, to attain the main objective of finding the best environment for maximum students’ 

performance. And those are our motivations to create a WSN based IAQ monitoring system. 

 

WSN Technology in Learning 

As discussed in the previous section, learning environment is an essential component in the success of the learning 

process, and the use of technology is needed to create an instructional system that suits the new trends of learners. 

Wireless Sensor Networks is considered as one of the major growing technologies, due to its big capacities in presenting 

information about physical world in an accurate form. The tiny microcontrollers are gaining, day after another, more trust 

by businesses, governments and even by individuals to be used in their lives. WSN applications are overwhelming, and 

this technology can be found in many sensible fields such as the army, healthcare, transportation, supply chains, 

buildings fire protection and much more. In addition to that, the low price of those sensors make them an optimal choice 

for every system that needs information about its physical environment and have a small budget. 

Due to the importance of WSN in real life, this work present the use of WSN in the learning system to make a smart 

environment that allows a better knowledge acquisition, an IAQ remote monitoring and learning system’s intelligent 

development. 

 

The Main Idea 

When studying physical environments such as class rooms, where a continuous information exchange take place, the 

relationship that exist between the quality of this environment and the quality of learning is overwhelming, which is 

related to many factors. For example, a factor such as the number of students per class can give an idea about how much 

those students are interested to the given material, especially when for a given class the number of students at its end is 

much lower than the number at the beginning. In addition to that, more measurements can be made in real time about 

many aspects of the classroom, such as room temperature, CO2 levels and others. 

This study suggests the creation of an intelligent system based on WSN that allows in real time to: 

 

 Count how many students attend the class, what allows to overcome the problem of presence management. 

 Detect the room temperature and adjust it intelligently when it is bellow or above comfort level. 

 Detect the room CO2 level and alert when it’s above or below the normal level, and from another side to make 
decision about the optimal level for the optimal learning. 

 Detect the room noise level and alert when it is above or below the normal level in order to maintain the optimal 
learning environment. 

Consequently, a system that allows a better monitoring of IAQ in classrooms, and makes finding the optimal 
conditions for better knowledge acquisition easier is created. 

 

System architecture 

To give an overview of the suggested system and its different component, the following figure summarizes its 
architecture: 
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Fig 1. System Architecture 

 

As shown on the figure above, the system is composed of: 

 A web server: to host the deployed web platform and services. 

 A relational data base: to store captured raw and processed data, in addition to data related to classes, users and 
sensors. 

 Sensors: deployed in class rooms to collect data. 

 System users: to manage and use the system for data analysis and monitoring. 

Noting that the web nature of the system was selected to allow multiple simultaneous access, in addition to the 
following advantages: 

 A centralized data base where access to data for analysis is easier. 

 A deployed web platform on a web server for rapid and efficient problems and/or updates. 

 Extensible architecture for mobile devices such as smartphones and tablets. 

 Reduction of interoperability and hardware requirements problems when using multiple access environment and 
reduce it to a simple web browser. 

A. Classrooms: 

After installing sensors to collect data for the monitoring system, classrooms are envisioned to have the following form: 

 

 

Fig 2. Classroom overview 
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As it can be noticed, sensors to monitor temperature, noise and CO2 levels are installed in strategic locations of the 
classrooms, in addition to presence sensor to give the actual number of presence students. The collected data is sent in 
real time to the central server in order to be presented to users. 

B. Administration level: 

 

Fig 3. Administration level of the suggested system 

 

At this level, administrators have real time and historical information about every class. Moreover, information can be 
accessed by the class mentor, in order to make the process of students counting easier. For this reason, the use of a 
mobile application is envisioned to be accessed only by the class mentor. 

 

 

Fig 4. Teachers’ interaction level of the suggested system 

 

Noting that students counting is a sensible and an error prone procedure. At every moment, the mentor can give the real 

number of students that are present in his class by using this application. As a result the system will register this data in 

order to be used for future decision making. 

 

C. Monitored factors 

1) People Counting 

Counting the number of people that are present in a certain area can be very important in many applications, as it’s the 
case in public transportation, commerce or in buildings’ security. Additionally, in learning environments, counting the 
real number of attending students is a procedure which can take, depending on the number of students, an average 
amount of time between 10 and 20 minutes. This time can be strategically deployed in a more important issue. Moreover, 
in other cases, the difference between initial and final attendance for a class can be used to evaluate the quality of the 
given material. In this latter case, the mentor can judge how much students were interested to his class. Moreover, 
administrations can follow this measurement as an indicator for their decisions for classes scheduling, to know the 
available classes in real time or also to figure out the optimal students’ number for a high degree of knowledge 
acquisition. 
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In order to implement this functionality, WSN provide many low cost and effective solutions. Based on the findings in 
[7], infrared sensors were combined to pattern recognition algorithms in order to count the number of people, even in a 
moving state, inside a room with a claimed accuracy of 95 percent. From another side, the work [1] provided another 
solution to determine the exact people count, they based their work on the use of pyroelectric low-cost sensors with an 
accuracy of 89 percent in case where people are walking in line and 75 percent when they are walking in side by side, 
however this method demands the deployment of multiple sensor nodes for each entry or exit point what make it more 
expensive than the former method.  As a result, it is clear that WSN provide different solutions that can be implemented 
for students counting inside class rooms, or even in a more general level as inside the entire school or learning institution. 

 

2) Temperature 

Noting that schools that have a better environmental conditions (temperature, CO2, humidity…) show improved 
academic performance, and schools with less quality in those conditions show less performance as stated in [2] One of 
the most important measures inside every work environment is temperature. For this reason, there is a need to monitor 
the ambient temperature inside a classroom in real time, and to make decisions about the optimal temperature based on 
the installed sensors data. Consequently, air conditioners inside classrooms can be adjusted intelligently in order to 
improve the learning circumstances that will provide the best knowledge acquisition, and helps. 

As a result, temperature detection sensors can be installed in classrooms to send continuously their data to decision 
makers. 

 

3) CO2 level 

In addition to temperature, one of the important factors that influence the comfort of students in their class rooms is CO2 
level. This criterion is highly related to the number of present students in the same class room, what make it important to 
analyze especially that high CO2 level in classes’ leads to low students’ attendance based on the findings of [9]. 
Consequently, WSN based monitoring system of the class will send alerts to decisions makers if CO2 level is above the 
normal level, and also will allow them to find the better circumstances of learning. 

CO2 level monitoring can be easily implemented using wireless sensors that are available in markets today for low prices, 
which allows to capture this information in a continuous manner. 

 

4) Noise level 

Finally, the forth factor which is considered in this work to contribute to the creation of  a better learning environment is 
the level of noise inside classrooms This is done by following whether its level is within the normal limits. Based on the 
research conducted by The Government of South Australia [5], the normal range of hearing for a healthy young person is 
from approximately 20 Hz (Hertz) to 20,000 Hz (20 kHz). 

Noise is an unwanted or damaging sound that may damage student hearing ability and harm their health. Sources of noise 
inside learning environment can be loud road work in its perimeter, the misuse of speakers during class or different 
voices interfering with mentor voice. Consequently, based on noise level, learning environment quality can be measured, 
so this information can contribute to the continuous development of the educational system intelligently using WSN 
capabilities. 

 

System Implementation 

 
In the sake of creating the envisioned system discussed in the previous section, the behavior of the needed sensors 
(presence, CO2, temperature and noise level) was simulated and a web application that can be accessed by administrators 
from the learning organization was developed. 

Noting that the web application was developed using ASP.NET/C# programming languages, and SQL Server Express 
Edition as a Data Base Management System (DBMS), to store the collected data. Moreover, this system allows to: 

 Create classrooms that contain the sensors. 

 Monitor in real time presence, temperature, CO2 and noise levels. 

 Alert when temperature, CO2 or noise levels are abnormal. 

 Get statistics for every class individually and for every sensed factor. 

 Make decision about the quality of learning environment based on the collected data. 

 Measure how much attendance a certain class have, and try to find the best factors when the class attains it optimal 
performance. 
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After implementing those functionalities, results in the simulated system can be seen in the following figure: 

 

 

Fig 5: Administration implemented level of the suggested system 

 

This figure shows an overview of simulated classes with real time data from different sensors, whether the sensed data is 
in a normal state or not, and the number of students in every class in real time. 

In addition, if the user selects a specific class, and click on it, detailed data will be displayed for every variable, and 
presented as a chart that can make the reading easier for decision making. The following chart represents the average 
number of present students per month for the selected class: 

 

 

Fig 6: Detailed implemented statistics of the suggested system, presence example 
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This information can be used by decision makers for many applications, when combined with other data such as students’ 
grades and satisfaction, the learning quality can be improved by finding the optimal number of students per class that 
allows higher students grades and satisfaction. 

 

Related Works 

Many studies highlighted the relationship between IAQ and students’ performance and called for a better management of 
education environment conditions, especially in children schools, as discussed by United States’ Environmental 
Protection Agency in [14] that showed the high negative impact of such low conditions on students’ health. Findings of 
[12] showed that students in classrooms with higher outdoor air ventilation rates scored up to 15 percent higher on test 
than other students in classrooms with lower outdoor air ventilation rates.  

Additionally, the use of WSN technology in physical environment monitoring can be found in many fields, such as in 
flood forecasting, buildings fire detection and field monitoring. The work in [10] proved how much monitoring different 
indoor environment conditions improves the quality and the comfort of life. However, a weak integration of such 
technology to the educational system was noticed, which represented for us the biggest challenge. 

 

Results Discussion 

As it can be seen in section 6, the created system resolves many problems that needed a rapid intervention, more 
resources and more accuracy. In this system, administrators can easily make decisions about the average student 
attendance of a class, in a certain period and for a certain mentor. Additionally, this system allows teachers to follow in 
real time how convenient the class conditions are for better learning and knowledge acquisition. 

By analyzing the elaborated system, and the envisioned concept of the smart learning environments of tomorrow, the 
number of solutions and advantages of the use of WSN inside learning environment is overwhelming.  

 

Conclusion 

This work discussed the integration of technology, in particular WSN, in education, and proved, through the creation of 
the presented system, how much benefits this incorporation can provide to students, teachers and administrators. 

Additionally, the discussed IAQ factors that were considered to have a radical impact on the quality of knowledge 
acquisition (CO2, noise,  temperature levels and students count) can become, because of the suggested system, easier to 
monitor, and allowing the possibility of an intelligent management of learning environments without any distraction to 
the learning normal process. However, as this work present a way to incorporate technology to education, there is much 
to do at this level, especially through the analysis of the collected data and the automation of the different possible 
aspects of educational institutions to create an optimal learning environment for a better performance.  
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