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Abstract. This paper presents a work in progress study focusing on evaluating the 
environmental conditions and its influence on students’ academic performance. The 
motivation is to find link between the environmental factors such as temperature, 
humidity, indoor air quality, lightning and the sense of comfort of individual 
students measured by the specific body movements. The paper elaborates on the 
sensor network architecture and the movement identification as well as on the multi-
factor study design. The results of this study will be used to design a smart classroom 
that would control for identified influencing factors in order to improve students’ 
comfort and provide for better academic performance. 

Keywords. Smart classroom, environmental conditions, test anxiety, study design. 

1. Introduction 

Taking exam is a critical activity in every students’ life. The exam result is the measure 
of student competences and success. However, the exam result is not only influenced by 
attained knowledge but also by the environment in which the exam is taken [27]. The 
evidence suggests that the student’s performance is effected by environmental factors 
such temperature, noise, lighting, indoor air quality, decoration, etc. [17]. Automating 
control of these factors might be beneficial to enhance students’ attention during a lecture 
or performance during a test.  

This paper presents a work in progress study focusing on evaluating the 
environmental conditions and its influence on students’ comfort during lecture or exam. 
The motivation is to find a link between the environmental factors such as temperature, 
humidity, indoor air quality, lightning and the sense of comfort of individual students 
measured by the body movements. The link will further be analysed in respect to exam 
scores. The results of this study will be used to design a smart classroom that would 
control for the identified influencing factors in order to improve students’ comfort and 
provide for better academic performance. Similar study has been conducted by Uzelac 
et al. [25] but they measured the attention by students’ self-evaluation. In this study, 
instead of self-evaluating the attention, the comfort will be measured as little body 
movements while the students are seated during a lecture or test. The body movements 
will be sensed using accelerometers in seats. The paper will expand on the study design 
scenario, on the sensor network architecture and on the students’ motion sensing.  

Conditions on Students’ Comfort 
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2. Review of the literature 

There is an extensive body of research studying the effect of various factors on human 
behaviour. Research, for example, indicates that noise is a pervasive source of stress and 
even low to moderate intensity could degraded performance [11]. Appropriate lightning 
and artificial illumination may have under specific conditions positive effect on cognitive 
abilities such as long-term memory and problem-solving tasks [12; 22]. Also, poor 
ventilation might affect human performance. It has been found that higher concentration 
of CO2 has detrimental effect on decision making [20]. Thermal comfort is regarded as 
a dominant factor influencing overall satisfaction with indoor environment [5]. In office 
environments the productivity is believed to decrease if the temperature was above 25 °C 
[9]. Sometimes, the environment with lower temperatures that reduce the thermal 
comfort are reported to increase performance in activities requiring attention [23]. There 
are also studies focusing on combined effect of the environmental factors such as 
temperature, lightning and acoustics [16]. 

The application of smart technology in order to improve working environment is 
also thoroughly researched. The current proliferation of sensors and the advancements 
in data processing enabled the real workspace to be blended with a virtual one. In the 
context of learning smart technology is deployed in various scenarios. These scenarios 
include instruction enhancements, classroom environment adaptation, lesson 
management automation, energy saving, etc. Khalfallah [10] for example utilized web 
camera and analysed facial expression in order to promote understanding. Yang [26] 
suggested how to integrate new devices into the smart classroom infrastructure without 
complex configuration so that students can download materials and make notes using 
their preferred devices and applications. Aguilar [1] deployed agent communities to 
define sets of agents with their characteristics, roles, functionalities in a smart classroom 
environment. Koutraki [13] applied ontology and rule based system in a classroom 
assistant that recognizes classroom activities and adjust the environment accordingly. 
Shen [21] equipped the classroom with near field communication (NFC) technology to 
automate attendance management, locate students and provide real-time student 
feedback. Similarly, Kim [8] utilized radio-frequency identification (RFID) to 
implement smart display system that identifies students and presents individualized 
timetables, announcements, lecture plans, and similar information. Luansheng [15] 
introduced electric power line communication bus in campus building in order to control 
classroom illumination and save energy. There are also attempts to evaluate the smart 
classroom environment. Huang [7] developed a framework to evaluate smart classroom 
environment that focuses on behaviour, technology and physical environment. Li [14] 
elaborated smart classroom inventory based on identified features. They propose to use 
several scales such as physical design, flexibility, technology use, learning data, etc. to 
assess the effectiveness of a smart classroom environment. 

The study presented in this paper fits into the classroom environment adaptation. 
The major difference from the listed studies is that the attention is focused not only on 
analysing effects of individual factors but also on investigating the interactions among 
the identified factors.  
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3. Study aims and design 

The study will be conducted at the premises of the Faculty of Informatics and 
Management, University of Hradec Kralove. A medium size lecture hall with 63 seats in 
a theatre style will be equipped with a set of sensors to account for factors influencing 
the classroom environment. The study aims to answer the research question that focuses 
on whether there is a statistically significant effect of environmental conditions to 
students’ anxiety and exam scores. The impact of environmental conditions on students’ 
scores has already been studied for example in [6] and reviewed for example in [17]. 
However, it needs to be confirmed that these diverse conditions could be simulated for 
the purposes of this study. The environmental conditions will include the following 
factors: temperature, humidity, light, noise and CO2 level. These factors will represent 
independent variables. The dependent variable will be the students’ discomfort or anxiety. 
The level of discomfort or anxiety will be measured as the number of student’s repeated 
movements. These repeated students’ movements will be identified using the 
accelerometer. Each independent factor will be considered in two levels high and low. 
The full factorial study design would require 25 = 32 runs. Performing the study in such 
extend would require too many students and would be beyond resource limitation. 
Therefore, the fraction factorial study design will be used. A fraction factorial study 
design enables to focus on an adequately chosen fraction of factor combinations in a full 
factorial study design [3]. In particular, the study would follow the quarter factorial 
design 25-2 = 8 runs. The penalty for performing just a quarter of runs is that there will 
be confounding factors that is in some cases the unique contribution of each factor would 
not be possible to determine. Assuming the factors are denoted as ABCDE, the 
generators in 25-2 are ±D=AB and ±E=AC. The defining relationship in this design is 
then I=ABE=ACE=BCDE. Using the defining relationship it is possible to determine all 
the confounding factors. The 25-2 is a resolution III design it means that the shortest word 
in the defining relationship is of length 3. That is the main effect will be confounded with 
second order interactions. In regard to confounding factors, the factor A should be 
assigned to less important factor. This is because the main effect of A factor is 
confounded with two second order interactions. Also, the main effects of other factors 
are confounded with second order interactions of the A factor. Therefore, it is desirable 
that the interactions with A are rare and have low impact on the estimated dependent 
variable. If these second order interactions are assumed to have zero effect then the effect 
could be attributed purely to the given factor as main effect. In the presented study the A 
factor will be the humidity. Humidity is believed to be just an auxiliary factor. It is also 
believed that there is almost no interaction with the other factors. The Table 1 shows the 
factor with notation and confounding interactions.    
 

Table 1. Factors and confounding interactions. 

Notation Factor Confounding interactions 

A Humidity Temperature * Noise; Light * CO2 Level 

B Temperature Humidity * Noise 

C Light Humidity * CO2 Level 

D Noise Humidity * Temperature 

E CO2 Level Humidity * Light 
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Based on the previous considerations the runs will be designed with respect to 5 

factors and 2 levels. The quarter factorial design with 8 runs will be extend with another 
run with two center point runs i.e. runs in which all factors will have centre values given 
their value range. The designated runs are shown in Table 2. The plus sign in the Table 
2 refers to the high level of a given factor and the minus sign refers to the low level of a 
given factor. The zero represent the central value of a given factor. 

 
Table 2. Designated runs and factor levels. High level (+). Low level (-).  

No. A   
Humidity 

B  
Temperature 

C 
Light 

D  
Noise 

E  
CO2 Level 

1 0 0 0 0 0 
2 + + + + + 
3 - + + - - 
4 + - + - + 
5 - - + + - 
6 + + - + - 
7 - + - - + 
8 + - - - - 
9 - - - + + 

10 0 0 0 0 0 

 
The runs will be also randomized to avoid possible influence of extraneous factors 

except the center point runs. The center point runs will be scheduled as first and last runs. 

4. Participants 

The study will focus on young psychologically healthy university students aged up to 25 
years. The participants will be recruited among the students of the Faculty of Informatics 
and Management, University of Hradec Králové. During the recruitment procedure the 
information about the study will be announced and potential participants will be listed. 
The runs will be performed during the lectures of selected courses. Therefore, for the 
student to be eligible he/she has to be enrolled in these courses. Further, they have to be 
enrolled for the first time, since the level of anxiety might be different in repeated 
enrolments. Similarly, students cannot take that exam before i.e. students that failed 
previously will not be further eligible for the study. Eligible volunteers will be given 
further information asked for informed consent. Students, however, will be blinded to 
distinctions of different environmental conditions. The reason is to avoid placebo like 
effect in which participant behave the way they are expected to in regard to the group 
they are in. Thus, students will be randomly assigned to the designed runs. Runs will be 
scheduled during the period of one month. It is assumed that there will be approximately 
20 students in each run. Given, there are 10 runs approximately 200 students will 
participate in the study.  
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5. Sensor network architecture 

The proposed sensor network architecture is based on heterogeneous hierarchical 
arrangement. The hierarchical structure organizes network nodes into grids, trees or 
clusters [2; 18]. The nodes in a cluster communicate with a special node denoted as 
cluster head. The cluster head directs data to the base station also called sink [4]. The 
sensors will be deterministically placed at the appropriate locations in the lecture hall. In 
a heterogeneous network there are various nodes with different roles and therefore the 
suggested network architecture has been split into three layers. The Figure 1 shows the 
proposed sensor network architecture.  
 

 
 

Figure 1. Sensor network architecture. 
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The first layer is responsible for capturing the sensor generated data. The layer 
includes individual sensors and microcontrollers. The sensors measures the above stated 
factors (temperature, humidity, light, noise and CO2 level). In particular, sensors used in 
this study will be as follows: 

� 63x ADXL335 accelerometers  
� 2x LMT84LP thermometers 
� 1x DHT11 humidity sensors 
� 1x BH1750FVI light sensor 
� 1x MG811 CO2 sensor      
� 1x ANS501 sound sensor 

 
The sensors nodes will be connected to cluster heads represented by PIC16F690 

microcontroller. The microcontroller will be programmed to query sensors and fetch data 
in given time intervals. The time interval will differ based on the sensor type. The shortest 
time interval will be set to accelerometer sensors in order to identify even little 
movements. If necessary the microcontroller will buffer sensor data before passing it to 
the sink node. No other data aggregation will be performed at this level. Each PIC16F690 
could control up to 3 sensors. Therefore, there will be 21 microchips to control 63 
accelerometers. The other sensors will require another 2 microchips. In total there will 
be 69 sensor nodes and 23 cluster heads. The sensor nodes and cluster heads 
(microcontrollers) will be hard wired. 

The second layer will be represented by a sink node and will be responsible for 
fusing data from cluster heads. The sink node will consist of Raspberry PI like Advanced 
RISC Machine (ARM) computer. The sink node will query cluster heads in a sequential 
manner and will fetch the data. The data received from all sensors will be timestamped 
and written to specified flat files. The flat files will be organized according the time when 
the data were recorded. The data files will be made available for download through 
traditional HTTP (Hypertext Transfer Protocol). The sink node and the cluster heads will 
be connected using the RS485 communication standard. The basic RS485 enables to 
connect up to 32 devices. In case one of the cluster heads will stop responding the sink 
node will send a node failure notification to the control station as a standard mail message. 
The clusters will be independent so the failure of one cluster will not influence the 
performance of other clusters. There is, however, no redundancies among clusters, so if 
a cluster fails the data will not be available until the cluster will be up again.  

The third layer will serve for data exploration. The key component in the data 
exploration layer will be a data warehouse. The data warehouse will import data from 
the sink node on regular basis. The data in the flat file structure supplied by the sink node 
will be transformed to a star schema. The dimensions will reflect the particular sensor, 
location or seat and time. The data warehouse will further be extended with students’ 
performance data (such as test score, student activity, etc.). The data warehouse will 
provide data for OLAP (Online Analytical Processing) presentation and machine 
learning processing. The data warehouse will be implemented using MS SQL Server 
2014 solution and the data will be accessible through OLE DB (Object Linking and 
Embedding, Database).  
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6. Capturing the students’ movements 

In this study we attempt to relate the discomfort, anxiety and attention distraction to 
students’ movements during a lecture or a test. Thus, the accelerometers will measure 
the students’ movements as signs of discomfort or anxiety. The accelerometers will be 
mounted to each flapping seat in the lecture hall. The joint based construction of the 
flapping seat and the flexibility of the seat allow to measure the vibration caused by 
student’s moves. The number and scale of the moves will reflect the level of discomfort.  

The accelerometer used in this study is the ADXL335 produced by Analog Devices 
Corporation. The ADXL335 can measure tilt like static acceleration as well as dynamic 
acceleration caused by motion or vibration. The ADXL 335 has been tested as a part of 
the ActiGraph GT3X device for reliability. The results indicated that the accelerometer 
has high intra and inter-instrument reliability [19]. The ADXL 335 is a 3 axis 
accelerometer, however, due to fix rotation of the flapping seat only X and Y axis will 
change if side view of the seat is considered. To capture the student’s moves the 
dominant force will be along the Y axis as the seat will bend up and down. 

The experimental set up with a seat and attached accelerometer revealed that the 
sampling frequency of measuring the movements should not be less than 2 Hz. In order 
to identify even little trembling and shaking anxiety symptoms the accelerometer will be 
set to 10 Hz data gathering frequency. The accelerometer should report data in ms-1. The 
particular units are however not important. Therefore, the data gathered from the 
accelerometer will be scaled and normalized using the following formula in Eq. (1). 

 

  (1) 

 
The X̂ is the vector of transformed values; X is the vector of the accelerometer 

values; μ is the mean; σ is the standard deviation. The data that are scaled and normalized 
have the mean value 0 and standard deviation 1. Figure 2 shows data sample of scaled 
and normalized accelerometer data.  
 

 
Figure 2. Scaled and normalized accelerometer data. The roman number I and II denote movements. 

 
The data represent a 30 second time series with two movements. There is a lean 

forward and back movement (I) and leg tremble (II). It could be seen that there is some 
noise in data i.e. even though the student is in a steady state the accelerometer reported 
some movements. The noise makes the repeated leg tremble movement difficult to 
discern. The data reported during the steady state has little differences in subsequent 
values. Therefore, the repeated contrasts [24] were calculated. To get positive values the 
calculated contrasts were squared.  

I 

II 
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  (2) 
 

The Figure 3 shows accelerometer data with squared repeated contrasts according 
to the equation Eq. (2). The transformation amplifies the movements (I) and (II). The 
transformation also helps to distinguish the movement (I) as actually two movements 
lean forward and lean backward.  

 

  
Figure 3. Accelerometer data with squared repeated contrasts. 

 

7. Conclusion 

The evidence suggests that environmental factors might influence students’ performance. 
The concept of smart classroom introduced in this paper focuses on analysing the effect 
of environmental factors such temperature, humidity, light, noise and CO2 level. 
Studying the effect of several factors would require trial with several arms. The paper 
elaborates on a fraction factorial study design that entails only over a quarter of runs. The 
paper also outlines the sensor network architecture used in the study. The proposed 
architecture is capable of monitoring movements of over 60 students. Finally, the paper 
discusses the way how specific movements are identified based on gathered data. It is 
assumed that the study presented in this paper could provide new insights on how 
students’ performance is effected by environmental factors. The presented study is a 
prerequisite to research on optimizing the automated control of selected environmental 
factors in order to improve the students’ academic performance. 

Acknowledgement 

This paper is created with the support of the Czech Science Foundation project DEPIDES 
15-11724S. 

References 

[1] J. Aguilar, L. Chamba-Eras, and J. Cordero, Specification of a Smart Classroom Based on Agent 
Communities, in: New Advances in Information Systems and Technologies, Á. Rocha, M.A. Correia, H. 

I II 

P. Cech / Smart Classroom Study Design for Analysing the Effect of Environmental Conditions 21



Adeli, P.L. Reis,  and M. Mendonça Teixeira, eds., Springer International Publishing, Cham, 2016, pp. 
1003-1012. 

[2] S.P. Ardakani, J. Padget, and M. De Vos, CBA: a Cluster-Based client/server data Aggregation routing 
protocol, Ad Hoc Networks. 

[3] G.E.P. Box, W.G. Hunter, and J.S. Hunter, Statistics for experimenters, John Wiley & Sons, Inc., NY, 
1978. 

[4] M. Cardei, E.B. Fernandez, A. Sahu, and I. Cardei, A pattern for sensor network architectures, in: 
Proceedings of the 2nd Asian Conference on Pattern Languages of Programs, ACM, Tokyo, Japan, 
2011, pp. 1-8. 

[5] A. Ghahramani, C. Tang, and B. Becerik-Gerber, An online learning approach for quantifying 
personalized thermal comfort via adaptive stochastic modeling, Building and Environment 92 (2015), 
86-96. 

[6] U. Haverinen-Shaughnessy and R.J. Shaughnessy, Effects of Classroom Ventilation Rate and 
Temperature on Students? Test Scores, PLoS ONE 10 (2015), e0136165. 

[7] R. Huang, J. Yang, Y. Hu, and X. Wang, Development and Use of a Questionnaire for Evaluating K-12 
Smart Classroom, in: Hybrid Learning: Innovation in Educational Practices: 8th International 
Conference, ICHL 2015, Wuhan, China, July 27-29, 2015, Proceedings, K.S.S. Cheung, L.-f. Kwok, H. 
Yang, J. Fong,  and R. Kwan, eds., Springer International Publishing, Cham, 2015, pp. 218-230. 

[8] K. Jae-Wook, Implementation of Smart Classroom Information Display System Using RFID, in: 
Computer Applications for Security, Control and System Engineering: International Conferences, 
SecTech, CA, CES3 2012, Held in Conjunction with GST 2012, Jeju Island, Korea, November 28-
December 2, 2012. Proceedings, T.-h. Kim, A. Stoica, W.-c. Fang, T. Vasilakos, J.G. Villalba, K.P. 
Arnett, M.K. Khan,  and B.-H. Kang, eds., Springer Berlin Heidelberg, Berlin, Heidelberg, 2012, pp. 
314-321. 

[9] P. Kekäläinen, R. Niemelä, M. Tuomainen, S. Kemppilä, J. Palonen, H. Riuttala, E. Nykyri, O. Seppänen, 
and K. Reijula, Effect of reduced summer indoor temperature on symptoms, perceived work 
environment and productivity in office work, Intelligent Buildings International 2 (2010), 251-266. 

[10] J. Khalfallah and J.B.H. Slama, Facial Expression Recognition for Intelligent Tutoring Systems in 
Remote Laboratories Platform, Procedia Computer Science 73 (2015), 274-281. 

[11] M. Klatte, K. Bergström, and T. Lachmann, Does noise affect learning? A short review on noise effects 
on cognitive performance in children, Frontiers in Psychology 4 (2013), 578. 

[12] I. Knez, Effects of indoor lighting on mood and cognition, Journal of Environmental Psychology 15 
(1995), 39-51. 

[13] M. Koutraki, V. Efthymiou, and G. Antoniou, S-CRETA: Smart Classroom Real-Time Assistance, in: 
Ambient Intelligence - Software and Applications: 3rd International Symposium on Ambient Intelligence 
(ISAmI 2012), P. Novais, K. Hallenborg, I.D. Tapia,  and C.J.M. Rodríguez, eds., Springer Berlin 
Heidelberg, Berlin, Heidelberg, 2012, pp. 67-74. 

[14] B. Li, S.C. Kong, and G. Chen, Development and validation of the smart classroom inventory, Smart 
Learning Environments 2 (2015), 1-18. 

[15] J. Luansheng, L. Chunxia, G. Xiumei, and M. Chongxiao, The Design of Intelligent Lighting System in 
College Classroom, Energy Procedia 17, Part A (2012), 90-95. 

[16] G.C. Marchand, N.M. Nardi, D. Reynolds, and S. Pamoukov, The impact of the classroom built 
environment on student perceptions and learning, Journal of Environmental Psychology 40 (2014), 187-
197. 

[17] M.J. Mendell and G.A. Heath, Do indoor pollutants and thermal conditions in schools influence student 
performance? A critical review of the literature, Indoor Air 15 (2005), 27-52. 

[18] R. Rajagopalan and P.K. Varshney, Data-aggregation techniques in sensor networks: a survey, Commun. 
Surveys Tuts. 8 (2006), 48-63. 

[19] A. Santos-Lozano, P.J. Marín, G. Torres-Luque, J.R. Ruiz, A. Lucía, and N. Garatachea, Technical 
variability of the GT3X accelerometer, Medical Engineering & Physics 34 (2012), 787-790. 

[20] U. Satish, M.J. Mendell, K. Shekhar, T. Hotchi, D. Sullivan, S. Streufert, and W.J. Fisk, Is CO2 an 
indoor pollutant? Direct effects of low-to-moderate CO2 concentrations on human decision-making 
performance, Environ Health Perspect 120 (2012), 1671-1677. 

[21] C.-w. Shen, Y.-C.J. Wu, and T.-c. Lee, Developing a NFC-equipped smart classroom: Effects on 
attitudes toward computer science, Computers in Human Behavior 30 (2014), 731-738. 

[22] P.J.C. Sleegers, N.M. Moolenaar, M. Galetzka, A. Pruyn, B.E. Sarroukh, and B.v.d. Zande, Lighting 
affects students’ concentration positively: findings from three Dutch studies, Lighting Research and 
Technology (2012). 

[23] K.W. Tham and H.C. Willem, Room air temperature affects occupants’ physiology, perceptions and 
mental alertness, Building and Environment 45 (2010), 40-44. 

[24] J.W.R. Twisk, Applied Longitudinal Data Analysis for Epidemiology, Cambridge University Press, 2013. 

P. Cech / Smart Classroom Study Design for Analysing the Effect of Environmental Conditions22



[25] A. Uzelac, N. Gligoric, and S. Krco, A comprehensive study of parameters in physical environment that 
impact students’ focus during lecture using Internet of Things, Computers in Human Behavior 53 (2015), 
427-434. 

[26] F. Yang, X. Lu, Z. Chen, J. Cai, and L. Liu, An Interactive Design in Smart Classroom, in: Advanced 
Research on Computer Science and Information Engineering: International Conference, CSIE 2011, 
Zhengzhou, China, May 21-22, 2011, Proceedings, Part II, G. Shen and X. Huang, eds., Springer Berlin 
Heidelberg, Berlin, Heidelberg, 2011, pp. 460-465. 

[27] D.B. Zandvliet, PLACES and SPACES: Case studies in the evaluation of post-secondary, place-based 
learning environments, Studies in Educational Evaluation 41 (2014), 18-28. 

 
 

P. Cech / Smart Classroom Study Design for Analysing the Effect of Environmental Conditions 23


