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Abstract. A classroom environment monitoring system was developed as a
demonstration to Computer Science and Information Technology undergraduate
students to enhance their learning experience. Monitoring and controlling the
classroom environment, including the lighting and temperature levels in real-time
was the primary functionality of the system. Using data on the optimal light and
temperature setting, the demonstration system was able to monitor and assess the
environment to ensure the comfort of the students. The system demonstrated to
the students the concepts and practices of the Internet of Things (IoT) and cloud
computing can be beneficially applied and to provide services in specific appli‐
cation areas, this time in education, with simple system design and implementa‐
tion. While such an application is not new in concept or implementation, the
important features of similar systems discussed in previous systems related to the
classroom environment monitoring were identified and analysed, and the best and
most important features incorporated in our system, together with our own ideas,
to provide the students with a significant learning experience based on a real
application, which we implemented and presented as a prototype. The attributes
of our system are discussed, and the success in providing a good learning expe‐
rience for the students are discussed. We suggest that argue that more research is
needed on this topic, and encourage other researchers to participate in the topic.

Keywords: Classroom environment monitoring · Internet of Things · Cloud
computing

1 Introduction

Our purpose in this project was to build a prototype system using current technology to
demonstrate to students a modern approach to system development, including the signifi‐
cant range of development tools now available within the technological context of the
Internet of Things (IoT) and the Cloud. As such it is an exercise in project-based learning,
which is an aspect of Teaching and Learning that was considered important to enhance
student learning. For our purpose we selected a familiar environment, the classroom, and
a useful system type, environment monitoring and control, to ensure the students could see
an example of a real world, useful, potentially commercialisable system.
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As students, the classroom is an important place in which they spend a significant
amount of their time. It is essential that the classroom environment is conducive to
studying and is comfortable and an optimal studying environment is created. As has
been noted elsewhere, inappropriate environmental factors, particularly light and
temperature levels can reduce students’ ability to study [1]. The selection of this system
type met all the education criteria we considered important, and therefore, as discussed
in [7], an environment monitoring system is entirely appropriate for our educational
purposes. Using technology to monitor the indoor environment of buildings has been
an application of computing and communication technology for many years, but the
quite recent advent of the Cloud and the Internet of Things has provided the opportunity
to create more sophisticated systems, and these technologies are now an imperative part
of ICT students’ learning.

Our project therefore leveraged the combination of these two recent technologies.
The Internet of Things or IoT refers to the ability to combine smart objects with the
Internet and enable these objects to interact with other objects connected to the Internet
[2]. Cloud computing provides on-line computing resources such as storage, operating
systems, applications and infrastructure, allowing these resources to be accessed via the
Internet [31], importantly without the need for expensive local infrastructure. We inves‐
tigated previous reported development of similar systems to identify the essential
elements of this type of system, and also to identify what aspects of our thinking had
not been included. For example, in [4], two aspects which we consider important, meas‐
uring of ambient light levels and the availability of comparison data were not mentioned.
Our comparison with various other prior studies is discussed more fully in the following
Literature Review.

According to [5, 6], the optimal temperature range for studying is between 20°C and
23.33°C and the optimal light levels range between 400 lx and 600 lx, lux being the SI
(International system of units) unit which denotes luminous density [10] (also stated as lx).
A classroom environment monitoring system should be able to assess the classroom envi‐
ronment as being at these desirable levels and provide a feedback system with constant, or
frequent, manipulation of these environmental factors. To simplify our system prototype
we did not include this full feedback mechanism, but included a display of the current
temperature and light level readings to provide this information to classroom caretakers
who could then take action, manually, to adjust the settings. The further development of
our system will include this more extensive feedback and control system.

Summary of Contributions: We consider that there are two main aspects to our
contribution to the field. First, there is the educational contribution in that we demon‐
strate the effectiveness and success of our project-based learning approach. The students
were introduced to the concept and practice of prototyping as a successful development
approach, they were able to gain in-depth knowledge of the contemporary development
environment including the Internet of Things and Cloud computing, and the principle
of system usefulness was clearly embedded in their learning. As well, the student’s
knowledge of the marketplace for software development tools was significantly
enhanced, and the symbiotic relationship between modern development tools and
contemporary development methodologies, such as prototyping, was clearly
demonstrated.
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We do admit to the possible over-kill in the selection of tools, but this was done to
ensure a wide understanding of the marketplace; this was not a commercial development
demanding a lean approach. From a technology point of view we have applied these two
relatively recent technologies, The Internet of Things and Cloud computing to a previ‐
ously well understood application thereby enhancing that system type and extending our
understanding of the applicability of these technologies, and the advance in development
productivity offered by these tools. The proposed system, and the method of develop‐
ment, illustrate how the Internet of Things and Cloud computing benefit applications
and services in the education area with simple system design and implementation.

2 Literature Review

2.1 Environment Monitoring Systems, the IoT, and Cloud Computing

An environment monitoring system includes one or more sensors and data storage [7].
To monitor the classroom environment, a system also requires sensors to continuously
monitor the environment and send the data to a storage server. The classroom environ‐
ment is the subject and focus of this paper. The IoT refers to the interconnectivity of
smart objects over the Internet. The concept is to enable any smart object connected to
the Internet to be able to interact with any other smart object or objects connected to the
Internet [2]. In this paper, the smart objects being considered are environment sensors
in the classroom which have the ability to connect to the Internet, and which are able to
send data of changes in environmental variables (light and temperature level) to a cloud
server, regardless of where the classroom is situated. Cloud computing offers compu‐
tational resources to customers, such as networking, processing, and storage [32]. A
server in the cloud allows remote access, and it includes both hardware and system
software that can deliver services over the Internet [3]. The cloud can be remotely
accessed by any Internet connected device at any time and from any location, and can
send and receive data to and from the cloud through the Internet. Many previous work
apply the cloud such as in [3]. With the benefits of IoT and the cloud, monitoring the
classroom environment by using both is ideal. [8] state that IoT and cloud share their
benefits to reduce IoT weaknesses. The IoT has four important problems of reliability,
performance, security and privacy. To solve these problems, cloud computing provides
at least a partial solution. One reason can be that the cloud has huge storage capacity,
processing power and level of reliability. To deal with data generated by the IoT, cloud
is the most convenient and cost effective solution to most information processing
requirements and solves most of the problems inherent in IoT. This paper exploits the
benefits of IoT and cloud, demonstrating ease of use, convenience and power of IoT
coupled with cloud.

2.2 The IoT Technologies in Teaching, Learning and Basic Education
Management

IoT technology is explored to assess its ability to improve learning, teaching and educa‐
tion management [9]. The application of IoT technology is classified under various
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headings such as health in education, teacher education, learner support, social mobili‐
zation and support services, planning and delivery oversight, quality assessment, inclu‐
sive education, curriculum policy, support and monitoring, and administration [9]. In [9]
the learner support classification is addressed. It focuses on a climate-controlled class‐
room environment and lighting factors, as part of learner support. This paper also focuses
on the learner support category.

2.3 Previous Works Related to Environment Monitoring

[4] describes a system using the cloud and IoT for monitoring the classroom environ‐
ment. That system monitors humidity and temperature through sensors and sends the
data to Google Drive® which is a cloud computing service provided by Google. This
service stores the data as an excel file. Graphs of the data can be generated and presented
on a website. The objective of this study was to show a solution by using Google Drive®
and the possibility of using it for both data storage and especially for charting. [4] did
not discuss the optimum values of the environment or conditions conducive to study.
According to [11] the cloud and IoT are technologies that have been used to monitor the
saturation line, water levels and possible deformation of dam walls in a tailings dam at
a mine site. The system remotely monitors these aspects and creates pre-alarm infor‐
mation automatically and in any kind of weather conditions. [12] used various sensors
for detecting and monitoring temperature, humidity and CO2 in an in-door environment.
The system changes the colour of displayed pictures if these environmental conditions
deteriorate to poor levels. This system did not connect to the cloud network, but used a
local server.

The researchers in [13] give an example of using IoT, cloud and Near Field Commu‐
nication (NFC) to control the environment in a classroom. NFC technology is used with
the information being communicated over a radio frequency. The collected data are sent
to the Internet and cloud. The outcome of this study is to allow the monitoring of class‐
rooms and to display the status of each classroom graphically. This work did not discuss
possible optimum values of environmental conditions conducive to study. [14] used IoT
and cloud to monitor air quality of different classrooms at a university. Each classroom
had a number of wireless nodes and each node had a number of sensors. This system
monitored, stored and analysed the data collected. This work also did not discuss
possible optimum values for the environment conducive to study. [15] Investigated the
effect of temperature in call centres. Two call centres, each in a different time zone with
different weather conditions, were investigated. This work did not involve light level
measurement which is also an important factor.

2.4 Features Summarization and Comparison of Previous Systems

Regarding environmental monitoring systems, the appropriate features of some systems
described in Sects. 2.1 to 2.3 are summarized. Then we will design and implement our
system based on combination of these features, as this enables our proposed system to
be applicable in the current situation of emerging technologies (such as IoT) and the
meeting of educational needs. These features are as follows. (1) The proposed system
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should be a monitoring system used to continually receive environment values as agreed
by [7], without continually monitoring the environment the environmental values could

Table 1. Comparing table

Topic (1)
Monitoring
system

(2) Focusing
on the
classroom

(3) Using IoT (4)
Incorporatin
g cloud

(5) Measure
temperature

(6) Measure
light level

(7) Compare
data to be
suitable for
studying

A cloud
solution for
monitoring
classroom
environment
al conditions
in a smart
university
[4]

/ / / / / x x

The IoT and
cloud
computing
based
tailings dam
monitoring
and pre-
alarm system
in mines [11]

/ x / / x x x

The IoT at
school and at
the CES in
Las Vegas
[12]

/ / / x / x x

An IoT
Example:
Classrooms
Access
Control over
Near Field
Communicat
ion [13]

x / / x x x x

Indoor air
quality
monitoring
though
software
defined
infrastructur
es [14]

/ / / / / x x

The effect of
air
temperature
on labour
productivity
in call
centres – a
case study
[15]

/ x / x / x x
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not be known in real time. (2) It should focus on a classroom environment to improve
student learning because the classroom environment may affect student learning ability
as argued by [1]. (3) The system should use IoT to detect environmental values and send
the values to the Internet. This should enable the system to easily send the values to a
cloud server as agreed by [2]. (4) The system should be incorporated into the cloud
server to solve problems of IoT [8] and reduce costs [3]. (5) It should measure the
temperature as inappropriate temperature conditions may reduce student learning [1].
(6) The system should measure light levels because unsuitable light levels may reduce
student learning [1]. (7) The proposed system should compare the captured temperature
and light values to accepted optimal values to ensure that the environment is not too hot
or too cold, therefore suitable for studying. Regarding the environmental monitoring
systems, Table 1 shows the appropriate features of some systems as described in
Sects. 2.1 to 2.3. The notation ‘/’ in the table means that a system applies that particular
feature, and ‘x’ is otherwise. From the table, there is no systems that achieve all these
features. Our proposed system aims to meet all the features.

3 Design and Implementation of the Proposed System

3.1 System Architecture of the Proposed System

The proposed system is designed to meet the features described above. Figure 1 illus‐
trates the architecture of the proposed system. There are 4 steps in the figure and each
step is in a small circle with a number 1, 2, 3, or 4. Each step can comprise related
components. Each component is in a pair of brackets such as (1). The system deploys a
light sensor [17] as used by [18–20], in similar research. The system also deploys a
temperature sensor [21] to detect temperature levels as used by [22–24] in similar
research. The cloud server from [25] is used by researchers and system developers,
including IBM, HP, MIT, and etc. The system is connected to a wireless USB adapter
[26] for Internet connections. Lastly, Raspberry Pi 2 model B v1.1 which is a small low
cost, computer [16] is used to control the sensors, and connected to the Internet via the
USB adapter. Pi also has a program for sending data to the cloud server. The cloud has
MongoDB [33] which is a free and open source database program.

Step 1, the light sensor (see (1)) and temperature sensor (see (2)) send data of the
classroom environment to a Raspberry Pi, see (3). Pi receives the data and sends it to
the cloud server (see (5)) through the adapter, see (4). Then, the wireless USB adapter
receives the data. Step 2, the adapter forwards the data to the cloud server. Step 3, then
the program in the server that received the data stores it in the database. Step 4, when
users of the system (see (6), (7)) request a monitoring information webpage, the infor‐
mation can be transferred through HTTP (9) by the cloud server, regardless of the device
or operating system; such as a personal computer running Windows (see (6)) or a mobile
device running Android or IOS (see (7)).
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3.2 Implementation

Raspberry Pi is connected with the light and temperature sensors by following the
instructions in [29, 30] respectively. A Python program to collect data from the sensors
and send the data to the cloud server is created and in Pi. For this program, it is necessary
to install Node.js to run JavaScript files and MongoDB program to store captured envi‐
ronmental data. Note that, Node.js is a JavaScript runtime built on Chrome’s V8 Java‐
Script Engine, and is used to create a web server in the cloud server (see (5)) in Fig. 1
Then we create three files as following. (1) Server.js, this file is used to create a server
with functions to receive data from Pi and store it to MongoDB. The file also creates a
HTTP server to serve the monitoring information website. (2) Index.html, this file allows
users to see the structure of the classroom and its monitored information. (3) Function.js,
this file is used to receive data from the cloud server and compare it to the optimal ranges.
All the files can be found in [34].

4 Research Results and Discussion

4.1 Results

After running the proposed system, there are two main parts to the results, as illustrated
in Fig. 2. Firstly, from the figure, A1–D3 represent student tables in a model of a typical
classroom. Each table, such as the one labelled ‘A1’, has its own light and temperature
data. Both data can be seen in the figure as 438.33 lx and 29.12°C respectively in the
first line text under the labelled text. Again according to [5, 6], the optimal temperature
and lighting ranges for study is between 20.00°C–23.33°C and between 400 lx – 600 lx
respectively. These ranges are illustrated at the top right of the figure. Thus, A1 table
has a ‘GOOD’ light level and a ‘TOO HIGH’ temperature level, see in the second line

Fig. 1. System architecture
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text under the labelled text ‘A1’. In this case, the temperate level is not suitable for study
and may reduce student learning according to [1].

Fig. 2. The results

After running the proposed system, there are two main parts to the results, as illus‐
trated in Fig. 2. Firstly, from the figure, A1–D3 represent student tables in a model of a
typical classroom. Each table, such as the one labelled ‘A1’, has its own light and
temperature data. Both data can be seen in the figure as 438.33 lx and 29.12°C respec‐
tively in the first line text under the labelled text. Again according to [5, 6], the optimal
temperature and lighting ranges for study is between 20.00°C–23.33°C and between
400 lx–600 lx respectively. These ranges are illustrated at the top right of the figure.
Thus, A1 table has a ‘GOOD’ light level and a ‘TOO HIGH’ temperature level, see in
the second line text under the labelled text ‘A1’. In this case, the temperate level is not
suitable for study and may reduce student learning according to [1].

Secondly, the summarized information of temperature and light averages and the
status of all tables in this classroom can be seen at the two text lines on the top left of
Fig. 2. In this case, this information is spurious due to the limitations of equipment and
the fact that only table A1 was fitted with sensors in this experiment. Then only the
table’s light and temperature level data is taken to calculate the overall averages and
status as illustrated on the top left of the figure. Each table of A2–D3 shows the text
‘N/A’. This is because they do not have their own sensors. When all are fitted with
appropriate sensors, all the texts will be changed to the correct ones in the same way as
table A1. Then, the overall averages and statuses will be given according to the available
recorded information. Thus, this information can be used to decide whether the class‐
room environment is suitable for students to study or not.

4.2 Discussion

Due to the system storing light and temperature level data, the data can be used to
calculate the amount of energy consumed. Researchers in [28] studied energy consump‐
tion by placing sensors in classrooms to monitor indoor climate conditions. Their system
can calculate the energy consumption of this classroom. We could enhance our system
based on the guide lines from their research to calculate efficient energy consumption.
This could plan an effective energy consumption in classrooms, while theses classrooms
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are suitable for studying. Due to the system being able to monitor not only light and
temperature factors, new sensors can be added to monitor other appropriate factors to
improve student learning ability. According to [1], sound can reduce student learning
efficiency, also [5] states that acoustic and air quality can reduce student learning. The
proposed system can apply to monitor these new environment factors. This can enhance
our system to collect all significant environment factors, enable students to study in
comfortable and appropriate environment, then increase student learning ability. In
Fig. 2, if the system can automatically adjust the temperature and light levels of table
A1 to the optimal range for study, the student in A1 position may yield a higher learning
ability. Additionally, when a classroom has a table layout that differs from the one in
Fig. 2, the proposed system in this paper could apply the new layout. Lastly, we believe
this paper can apply to the monitoring of the environment in other types of room such
as meeting rooms, based on the rooms’ conditions and the appropriate optimal ranges
of levels of temperature, light, or, other essential factors.

5 Conclusion and Recommendations

This paper summarizes important features of previous systems used in similar research
which can be considered as relating to classroom environmental monitoring. These
features are important for applications and services in developing classroom monitoring
environment systems. Based on these features, a prototype system was designed and
tested. Lastly, we discuss the proposed system and its results in other aspects. For
example, the proposed system can achieve all the important features, such as the meas‐
uring of light and temperature and the use of a cloud system. Moreover, with further
research, the system also can be enhanced to yield more of its abilities such as automatic
environment control to reduce energy consumption. The proposed system demonstrates
how Internet of Things or IoT and cloud computing could benefit applications and serv‐
ices in education with simple system design and implementation. [27] discuss an air
conditioning control system. Based on guide lines of this study, one of the future research
directions could be to enable our system to automatically control the monitored class‐
room environment to be continuously suitable for studying in real time. This same
possibility could be extended to other applications such as monitoring the conditions in
libraries and meeting rooms.

Acknowledgement. Many thanks to Mr. Roy Morien and Mr. Kevin Roebl of the Naresuan
University Language Center for his editing assistance and advice on English expression in this
document.

References

1. Ryan, H.: The Effect of Classroom Environment on Student Learning (2013)
2. Medaglia, C.M., Serbanati, A.: An overview of privacy and security issues in the internet of

things. In: Giusto, D., Iera, A., Morabito, G., Atzori, L. (eds.) the internet of things, pp. 389–
395. Springer, New York (2010)

740 W. Runathong et al.



3. Armbrust, M., Fox, A., Griffith, R., Joseph, A.D., Katz, R., Konwinski, A., et al.: A view of
cloud computing. Commun. ACM 53(4), 50–58 (2010)

4. Mircea cel Batran. A cloud solution for monitoring classroom environmental conditions in a
smart university (2015)

5. Cheryan, S., Ziegler, S.A., Plaut, V.C., Meltzoff, A.N.: Designing Classrooms to Maximize
Student Achievement (2014)

6. European Committee for Standardization: Light and lighting – Lighting of work places –
Part 1: Indoor work places (2002)

7. Boatman, J.F., Reichel, B.S.: Environment monitoring system (2006)
8. Liu, Y., Dong, B., Guo, B., Yang, J., Peng, W.: Combination of cloud computing and IoT in

medical monitoring systems. Int. J. Hybrid Inf. Technol. 8(12), 367–376 (2015)
9. Dlodlo, N.: The IoT technologies in teaching, learning and basic education management

(2012)
10. Palmer, J.M.: Radiometry and Photometry FAQ (1999)
11. Sun, E., Zhang, X., Li, Z.: The IoT and cloud computing (CC) based tailings dam monitoring

and pre-alarm system in mines. Saf. Sci. 50(4), 811–815 (2011)
12. Weinberger, M.: The IoT at school and at the CES in Las Vegas (2015)
13. Palma, D., Agudo, J.E., Sanchez, H., Macias, M.M.: An IoT Example: Classrooms Access

Control over Near Field Communication (2014)
14. Spachos, P.: Indoor air quality monitoring though software defined infrastructures (2016)
15. Niemela, R., Hannula, M., Rautio, S., Reijula, K., Railio, J.: The effect of air temperature on

labour productivity in call centres - a case study. Energy Buildings 34(8), 759–764 (2002)
16. Raspberry Pi: Raspberry Pi 2 Model B (2015)
17. ROHM: Digital 16bit Serial Output Type Ambient Light Sensor LC (2011)
18. Ding, D., Chen, H., Zhang, L., Chen, H., Lin, H., Gao, F.: An intelligent and telecontrol

environment monitoring equipment with extended interfaces (2015)
19. Xianghong,K., Weiguo, Q., Kexiang, L., Xinlei, J., Xiang, P.: The design of LED fish

gathering lamp PC free multipoint photometer (2015)
20. Shao, Y., Wang, F., Zhang, Y., Zan, P.: Research of metro illumination control based on BP

neural network PID algorithm. In: Fei, M., Peng, C., Su, Z., Song, Y., Han, Q. (eds.)
Computational Intelligence, Networked Systems and Their Applications. LSMS/ICSEE 2014.
Communications in Computer and Information Science, vol. 462, pp. 1–8. Springer,
Heidelberg (2014)

21. Maxim Integrated. DS18B20 (2015)
22. Ping, L., Yucai, Z., Zeng, X., Ting-fang, Y.: A Design of the Temperature Test System Based

on Grouping DS18B20 (2007)
23. Pengfei, L., Jiakun, L., Junfeng, J.: Wireless temperature monitoring system based on the

ZigBee technology, April 2010
24. Zhang, X., Fang, J., Yu, X.: Design and implementation of nodes based on CC2430 for the

agricultural information wireless monitoring (2010)
25. Koding, Inc. San Francisco. www.koding.com (2016)
26. TP-LINK Technologies: Mbps Mini Wireless N USB Adapter TL-WN723N (2016)
27. Mochizuku, M., Sato, K., Kato, T., Isikawa, M., Sugiyama, T.: Air conditioning control system

(1995)
28. Rattanongphisat, W., Suwannakom, A., Harfield, A.: Indoor weather related to the energy

consumption of air conditioned classroom: Monitoring system for energy efficient building
plan (2016)

29. http://www.raspberrypi-spy.co.uk/2015/03/bh1750fvi-i2c-digital-light-intensity-sensor/
30. http://www.reuk.co.uk/wordpress/raspberry-pi/ds18b20-temperature-sensor-with-raspberry-pi/

A System for Classroom Environment Monitoring 741

http://www.koding.com
http://www.raspberrypi-spy.co.uk/2015/03/bh1750fvi-i2c-digital-light-intensity-sensor/
http://www.reuk.co.uk/wordpress/raspberry-pi/ds18b20-temperature-sensor-with-raspberry-pi/


31. Wongthai, W., van Moorsel, A.: Quality analysis of logging system components in the cloud.
In: Kim, K., Joukov, N. (eds.) Information Science and Applications (ICISA) 2016. LNEE,
vol. 376, pp. 651–662. Springer, Heidelberg (2016). doi:10.1007/978-981-10-0557-2_64

32. Wongthai, W., Van Moorsel, A.: Performance measurement of logging systems in
infrastructure as a service cloud. ICIC Express Letters (2016)

33. https://www.mongodb.com/
34. https://dl.dropboxusercontent.com/u/4620323/mce.rar

742 W. Runathong et al.

http://dx.doi.org/10.1007/978-981-10-0557-2_64
https://www.mongodb.com/
https://dl.dropboxusercontent.com/u/4620323/mce.rar

	A System for Classroom Environment Monitoring Using the Internet of Things and Cloud Computing
	Abstract
	1 Introduction
	2 Literature Review
	2.1 Environment Monitoring Systems, the IoT, and Cloud Computing
	2.2 The IoT Technologies in Teaching, Learning and Basic Education Management
	2.3 Previous Works Related to Environment Monitoring
	2.4 Features Summarization and Comparison of Previous Systems

	3 Design and Implementation of the Proposed System
	3.1 System Architecture of the Proposed System
	3.2 Implementation

	4 Research Results and Discussion
	4.1 Results
	4.2 Discussion

	5 Conclusion and Recommendations
	Acknowledgement
	References


