
  

 

Abstract—Life standards are improving and environmental 

comfort is considered as a necessary component of workplace 

contentment and production. Schools are one of the most common 

types of organizations and students spend almost one-third of their 

lives in school buildings. Thus, school environment including 

gradually developing technology plays a significant role in their 

wellbeing and outcome. For instance, despite all its benefits, 

technological developments have brought some psychological and 

physical concerns into school environment such as noise pollution and 

high levels of carbon monoxide emission. Taking into consideration 

that hundreds of millions of students are registered into schools from 

pre-primary to university world-wide every year, school environment 

concept and its components – basically thermal, indoor air quality, 

visual and acoustic comfort – have to be dealt meticulously. While 

doing so, new actors such as technological developments and 

environmental changes should be also taken into account since school 

environment is a changing/developing concept. 
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students’ comfort  

I. INTRODUCTION 

School buildings are learning/teaching environment and 

they have influence on students’ wellbeing as well as 

performance. Schools are supposed to provide environment 

where students feel that they are comfortable and safe in all 

manners. They are also supposed to provide surroundings for 

students to be resourceful, sociable, productive and able to 

share knowledge. Bernardi & Kowaltowski [1] state that 

adverse environmental conditions in schools such as high 

levels of noise,  inappropriate temperatures, poor lighting and 

insufficient equipment negatively affect students’ performance 

and can lead to some health problems. Thermal, visual, 

acoustic and indoor air qualities are main determiners for 

indoor environment quality and comfort. For instance, most 

naturally ventilated schools can get very hot during the summer 

times, poorly ventilated classrooms can even cause some 

illnesses to develop and spread, classroom design and coloring 

may cause poor visual perception, badly-balanced and 

malfunctioning appliances can increase environmental noise 

that lower students’ attention and. However, other factors such 

as school design, school environment education and awareness, 

school energy policy, financial issues, climate conditions and 
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living standards of students and the region can also play 

important roles on students’ comfort and performance in 

schools. For instance, Pinder et al. [2] claim that organizations 

that focus on environmental issues are more inclined to 

cultivate more effective working environment and such 

organizations consider their staff’s needs as top priority. It 

should be kept in mind that Sick Building Syndrome (SBS) is 

one of the major reasons for stress, work place related illnesses 

and productivity loss [3]. 

II. ENERGY CONSUMPTION AND STUDENTS’ COMFORT  

Energy consumption in schools keep increasing due to some 

factors such as the use of more technological equipment, 

ventilation systems owing to the global warming, more 

opportunities for education and raise in life standards. 

Research results, for instance in Luxembourg [4] and in 

Scotland [5] support the notion. Consequently, energy 

consumption has become an issue of students’ comfort and 

outcome, and attract more scientists and academicians for 

research. As Lourenço et al [6] state, the relation between 

energy consumption and students’ comfort also changes 

“energy consumption patterns”. However, some researches 

show that even high energy consuming schools do not provide 

environmental comfort for students. For instance, in Slovenia 

60% of students complained about the poor indoor air quality in 

their schools with the highest energy consumption [7]. 

III. THERMAL COMFORT 

Roelofsen [8] urges that thermal comfort along with indoor 

air quality is highlighted as the most substantial component 

that affects productivity. He also states that thermal 

environment plays a crucial role on how people experience air 

quality. Thermal balance of human body is achieved when the 

human body heat is in balance with the environmental heat to 

allow human body heat to dispel. Individual factors such as 

body heat exchange, dressing and personal metabolic / mental 

state and environmental factors such as surrounding 

temperature, ventilation rate, unfavorably cold and hot window 

and wall surfaces, humidity and mean radiant temperature on 

walls and other surfaces [9] can play a role on a person’s 

thermal comfort. Studies on occupants’ thermal comfort show 

that people in a thermally comfortable environment are more 

productive [10] and healthier [11].  

ANSI/ASHRAE Standard 55 describes thermal comfort as 

“the condition of mind that expresses satisfaction with the 
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thermal environment and is assessed by subjective evaluation” 

[12] making thermal comfort the key objective in school 

building design [13]. Kamarruzzaman and Tazila [9] consider 

thermal comfort as “a key component of quality of indoor 

environments and environmental elements such as heat from 

electrical lighting, lack of adequate ventilation, high humidity 

levels, and poorly performing building envelopes can 

contribute to poor thermal comfort”.  

According to the ASHRAE 55 Standard [12] an average 

person at rest with a 1.8 m² body surface area produces 1.71 Btu 

per hour and this average is called as ‘1 met’. A human’s 

metabolic rate can change between 0.7 and 2.0 (or above) met 

depending on the activity (s)he is involved. Along with ‘met’ as 

person’s thermal state, eating habits and body shape can also 

influence an individual’s metabolic rate and consequently 

thermal comfort [14]. Furthermore, unfavorably low (< 

20-30%) and high (> 60%) relative humidity can cause 

discomfort by affecting skin evaporation [15]. 

Students spend 1/3 of their lives in schools and 

environmental conditions can affect their outcome more than 

adults in offices as they are more vulnerable to hostile 

environment. However, there are fewer studies on the 

environmental effects on students’ comfort and success than 

adults at work [16]. Yet, it can be derived from relevant 

literature that extreme conditions of temperature and humidity 

reduce students’ attention span [17] and their work speed, and 

manual skills decrease in colder temperatures rather than 

warmer ones [18]. Increasing the number of electrical 

ventilation systems open a new area of research on the effects of 

new systems and mixed ventilation applications, along with the 

new school building designs. Unfortunately, thermal comfort 

in numerous naturally ventilated schools are below the 

ASHRAE standards [19] and naturally ventilated buildings are 

usually colder in winters and warmer in summers than the 

buildings with HVAC systems [20]. Elbayoumi et al. [21] state 

that “the seasonal fluctuation of ambient temperature and 

relative humidity and as a result the ventilation rate can lead to 

sick building syndrome (SBS) and reduce students’ acuity and 

output”.  

The two thermal comfort models, the adaptive model which 

can be more suitable for naturally ventilated buildings and the 

Predicted Mean Vote (PMV) which can be more appropriate 

for the building under thermal control, are often used for 

thermal comfort of buildings. PMV is constructed on four 

environmental variables as air temperature, air rate, moisture 

in the air and mean radiant temperature along with two 

individual variables as metabolic rate and dress insulation. It 

takes the (indoor environment) predicted Percentage of People 

Dissatisfied (PPD) into account to calculate the mean comfort 

vote of occupants. The adaptive model places a key role on an 

individual’s adaptive behavior such as activity, clothing and 

position, and outdoor temperature [11]. PMV index establishes 

a seven-level temperature scale as -3 cold, -2 cool, -1 slightly 

cool, 0 neutral, 1 slightly warm, 2 warm and 3 hot. According 

to the PMV and PPD indexes, an individual’s thermal 

balance/comfort is achieved “when the body heat loss is equal 

to the body metabolic heat (PMV=0)” [22]. The adaptive 

model, the indoor comfort temperature is correlated with 

regional climate and individuals in various regions can feel 

comfortable with different temperatures [23]. 

When it comes to the standards, CBE Thermal Comfort Tool 

for ANSI/ASHRAE Standard 55, European thermal comfort 

standards EN 15251, ISO 7730 and Predicted Percentage 

Dissatisfied (PPD) directories can be used for thermal comfort 

analysis and calculations [24]. It is also worth mentioning that 

in tropic zones such as Malaysia building occupants can adapt 

to higher temperatures that are beyond the ASHRAE comfort 

zone [25]. 

IV. INDOOR AIR QUALITY 

The hostile consequences of poor indoor air quality (IAQ) on 

people’s health let alone children’s is obvious. Roelofsen [8] 

states that indoor air quality is one of the most substantial 

component that affects productivity, while Wood argues that 

even little development in indoor air quality will directly 

increase efficiency. Studies on IAQ and students’ comfort 

indicates that IAQ in numerous countries are below the 

satisfying levels and they are the primary reason for several 

illnesses such as communicable ailments and sick building 

syndrome (SBS) along with increasing number of students 

[26]. Additionally, poor ventilation is the cause of up to 20% of 

absenteeism [27] and poorer students’ performance [28]. 

Children spend great amount of time at schools and they are 

exposed to different sources of pollution from furnishings [29] 

to carbon monoxide [30]. As indoor air pollutants can come 

both from inside and outside, the source of pollutants should be 

observed well and a proper HVAC system should be installed. 

Pollutants can vary according to time, season, location and 

societal issues and can include tiny particles such as fibers, 

dust, mold, bacteria, unfavorable gas molecules etc. As 

classroom ventilation rates are poorer than the given standards 

and children’s metabolisms are more sensitive, they are more 

likely to suffer from long term consequences. Taking into 

consideration that increasing number of artificial ventilation 

systems are needed to be used in classrooms due to global 

warming, the issue is becoming more crucial. On the other 

hand, high quality of indoor air and outdoor air supply rates 

with more than 25lt each second increase students’ accuracy 

and speed [31]. 

The American Society of Heating, Refrigeration and Air 

Conditioning Engineers Standard 62.1 [32] in U.S. and 

EN13779 [33] and EN15251 [34] in European Union provide 

standards of favorable IAQ. According to the ASHRAE 

Standard 55-1992, comfortable indoor temperature must be 

between 20°C and 25.5°C, humidity between 30% to 60% 

depending on the season, air ventilation in a range of 15 to 60 

cubic feet per minute of outdoor air for each person in the area 

served by the HVAC system and finally CO2 levels less than 

700 parts per million (ppm) above ground levels [35]. 

EN15251 categorizes IAQ into low, moderate, medium and 

high quality matching to values 1200 ppm, 800 ppm, 500 ppm 

and 250 ppm respectively [36]. It is understandable that these 

rates also depend on the number of occupants, room size, 

activity and metabolic rate [37]. Despite no specification for 
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humidity in BB101, the UK building regulations state that the 

RH should not surpass 70% for longer than two hours, and/or 

90% for longer than one hour in a 12-hour-period throughout 

the warming season [38].  

A lot of studies show that classroom air qualities are poorer 

than expected. For instance, Godwin and Batterman’s research 

[39] show that only 27% of classrooms have sufficient 

ventilation rate and Hellwig’s research [40] indicates that 47% 

of classrooms in the summer time and 89% of them in the 

winter time exceed 1500 ppm CO2 concentration. Most of 

these classrooms were naturally ventilated (mostly by opening 

windows) and it shows that natural ventilation is not good 

enough for high indoor air quality, although the U.K. 

Government recommends natural ventilation where possible to 

lessen environmental impact and costs [41].   

To prevent the adverse consequences of low quality indoor 

air ventilation rates, temperatures, air humidity and CO2 

concentrations should be adjusted according to international 

standards. Thus, the first step to solve the IAQ problem is to 

obtain necessary air quality data. Having collected sufficient 

data, the problem can be solved to some extend with proper 

HVAC systems. For instance, Jonesa and Kirbyb [36] suggest 

top-down wind-driven natural ventilation system which was 

installed in more than 1100 schools in U.K. and it improved the 

IAQ considerably.  

Some other practical measurements can be counted as 

follows; 

 Regular maintenance precautions 

 Source Control: not to bring needless pollutant to school 

 Eliminating pollutants before they are absorbed into school 

indoor environment, specifically air 

 Regulating duration, amount and pollutant site 

 Educating students on pollutants and classroom safety 

V. VISUAL COMFORT 

There are adequate number of researches and evidence that 

lighting in classroom has effects on teachers and students. 

Preferences between natural daylight or artificial lighting for 

better control on lighting is debatable. While Lyons [42] states 

that full spectrum fluorescent lighting can enhance learning, 

Rittner and Robbin [43] found that daylight improves learning 

and retainment. Xue FJ. [44] states that day-lighting improves 

students’ performance and productivity, and enhance indoor 

environmental quality. Additionally, day-lighting reduces 

general energy consumption of a building. For instance, 

environmental shading from neighboring buildings can affect a 

building’s yearly energy consumption up to 25–28 kWh/m2 

[45]. These values may play an important role in total energy 

demand and energy peaks. 

It is understandable that a well-balanced integration of day 

light and artificial one is the key as preferable levels of daylight 

is not always available. Recently growing interest in energy 

consumption is incorporating daylighting and electricity-based 

lighting to lessen energy consumption [46]. It should also be 

kept in mind that better solutions can be found in the future 

throughout technological and medical improvements. So far, 

The Chartered Institution of Building Services 

Engineers CIBSE [47]  and DfEE [48] can be applied for the 

best practice. 

The correlation between lighting and children’s / students’ 

behavior and success may throw lights on sustainable 

educational success. According to Schreiber’s findings [49], 

low illumination increases students’ interest and they become 

calmer. Similarly, indirect diffuse of full spectrum fluorescent 

lamps reduces children’s maladaptive behavior [50].  

In comparison with fluorescent lighting, incandescent lamps 

have an advantage that as cooling of wires takes longer 

frequency modulation in incandescent lamps the modulation 

does not change as fast as in fluorescent lighting. While the 

standard AC supplies in Europa work with 50 Hz of frequency, 

this frequency in fluorescent lightings can reach 100 Hz [47]. 

Although it is unnoticeable, 100 Hz flickering frequency can 

have negative effects on visual comfort [51]. However, raising 

the frequency to kHz levels and using high frequency 

controllers can reduce headaches [52], increase reading 

accuracy in spite of reducing reading speed [53] and enhance 

visual search performance [51]. Thus, installing the proper / 

right fluorescent lights can play an important role on students’ 

output. Likewise, flickers from other appliance such as 

computers can cause enlarged saccadic movements in response 

[52].  

CIBSE [46] suggests variant illuminance levels depending 

on classroom design on students’ desks. The range changes 

between 300 and 500 lux. Rea [54] urges that aluminous higher 

than 1000 lux causes discomfort for students. According to the 

European Standard EN 15251 [34], the required lighting level 

is 300 lux.  

Glare means visually brighter sight than the rest of the 

environment and it is one of the reasons causing trouble for 

visual comfort of students. Strong lighting, close positioning to 

the light source and weaker background light can cause glare 

on students’ desks and consequently discomfort, even disability 

of sighting. Continual exposure to glare can even lead to 

headache and eyestrain. 

Another reason for visual discomfort can come from 

projectors causing difficulties for students in perceiving images 

[55] as well as reflection from white or smartboards, in 

particular when the surface is lustrous.  

Improper pattern frequency, contrasting color stripes and the 

size of window blinds may also cause stress [56], headache [57] 

and epileptic seizure [58]. 

VI. ACOUSTIC COMFORT 

Sound is a function of vibration travelling as waves with 

varied frequencies and when the sound waves hit a surface, 

alteration in sound direction and energy causes reverberation. 

Reverberation, the reflected sound from any surface, will stay 

in until it is utterly absorbed or dissolute. These reflections 

from a surface can interfere with students’ auditory perception. 

Despite little variations "experiments have shown that a 

healthy young person hears all sound frequencies from 

approximately 20 to 20,000 hertz" [59].  However, when the 

frequency gets very low and high in the audible range, it starts 
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causing hearing difficulties. For instance, when the sound 

frequency is lower than 500 Hz, it inclines to lead to 

unfavorable speech mask effects with consonants in particular 

and people with hearing challenge are more vulnerable to this 

effect [60].  

Most classroom activities depend on conversation between 

students and the teacher that contributes great importance to 

the acoustic environment. Teachers are expected to have more 

student-oriented lessons and base their lessons more on 

practice rather than theory. Moreover, we are moving farther 

from the area of severely disciplined classes, schools and any 

educational atmosphere. Technology and the struggle to 

survive in the increasingly business-like educational 

atmosphere force educational institutions to use more and more 

technological gadgets that produce higher sound pollution in 

learning environment. Another important issue is that global 

warming, higher level thermal systems and improving living 

standards demand in more buildings and schools / classrooms 

HVAC systems that add to the distracting background noise in 

classrooms [61]. Environmental acoustic noise, especially 

during social science lessons will not only impede students’ 

comprehension and consequently success level but also 

behavior patterns owing to lower attention and classroom 

discipline. It has been shown that with improved room acoustic 

conditions the students´ social behavior becomes calmer and 

the teachers experience lower physiological load (heart rate) as 

well as less fatigue [62].  

Acoustic pollution seems to persevere in educational 

environments unless classrooms are acoustically designed, 

effects of acoustic pollution – particularly on young students’ 

learning abilities - are taken into consideration and school 

administrations rely only on teachers and students for noise in 

classrooms. Nelson [63] states that students with attention, 

reading, learning or hearing difficulties, students under 13 and 

students using a language as the second one suffer more from 

the poor acoustic environment. Teachers are also affected by 

poor acoustic conditions because increasing their voice may 

lead to some vocal diseases and fatigue. However, it should be 

kept in mind that younger learners’ speech lucidity is lower 

than adults and acoustic environment of classrooms are to be 

build or organized according to younger students [60]. 

According to the same source, noise from neighboring places, 

echoing sounds, HVAC noise and outdoor noise are sources of 

acoustic pollution. Ceiling & Interior Systems Construction 

Association (CISCA) in its white paper ‘Acoustics in Schools’ 

prepared by the InformeDesign® Research Desk at the 

University of Minnesota [64] add that reverberation, 

unabsorbed sound waves from surfaces and ‘signal-to-noise 

ratios’ which are lowest at the back of the classroom are other 

acoustic pollution factors.  

“The acoustic conditions in schools are controlled by Part E 

of the Building Regulations, School Premises Regulations and 

the Independent School Standards, which apply to new and 

existing schools. School premises are also subject to the 

Equality Act Ref.6” [65]. As in the same source, Department 

for Education (DfE) informs that “Requirement E4 from Part E 

of Schedule 1 to the Building Regulations 2000 [38] (as 

amended by Statutory Instrument, SI 2002/2871) states that 

each room or other space in a school building shall be designed 

and constructed in such a way that it has the acoustic conditions 

and the insulation against disturbance by noise appropriate to 

its intended use.” Ref.3 in approved Document 4 states “In the 

Secretary of State’s view the normal way of satisfying 

Requirement E4 will be to meet the values for sound insulation, 

reverberation time and internal ambient noise which are given 

in section 1 of Building Bulletin 93 ‘The Acoustic Design of 

Schools’, produced by DfES” [65]. According to the same 

source, “Upper limits for indoor ambient noise level, 

LAeq,30mins” for classrooms should not exceed 35 dB in 

classrooms, breakout areas and lecture rooms, 40 dB in 

libraries, science laboratories and sports halls, and 45 dB in 

corridors, staircases, locker rooms, staff rooms, medical rooms 

and dining rooms (pp. 10-11). 

The School Premises Regulations and Independent School 

Standards [66] comprise almost the same applies to both new 

and existing school buildings and contain a similar account. 

The Independent School Standards and School Premises 

Regulations pay great attention to speech intelligibility and 

operational noise levels in schools and all the measured 

acoustic comfort values are to be in accordance with the speech 

transmission index (STI) in new and refurbished/existing 

school buildings. The regulations from nursery and community 

education to colleges of further education also cover; 

 Equality Act for challenged students 

 Teaching and non-teaching spaces 

 New, refurbished/existing and temporary buildings 

 Material changes of use 

The following recommendations for the energy consuming 

items are supposed reduce acoustic pollution and consequently 

improve students’ auditory perception in classrooms.  

 Apply the School Premises Regulations and Independent 

School Standards as much as possible. 

 Locate and place energy-consuming and possibly 

noise-producing equipment such as printers, CD players and 

computers accordingly to reduce acoustic noise. 

 Balance equipment well and pad them softly for them to 

produce less vibration noise.  

 Prefer fans with low velocities for less noise. 

 Enclose instructional equipment with noise isolation near 

classroom areas.   

 Keep HVAC, instructional and mechanical equipment as far 

as possible from listening/speaking activity areas. 

Classrooms in the United States typically have speech 

intelligibility ratings of 75% or less, meaning every fourth 

spoken word is not understood [67]. 

 Prioritize natural ventilation systems when possible. 

 Use isolation and plastic supports for the pipes, joints and 

other structural material to reduce vibration noise from the 

building. 

 Take regular maintenance precautions for school equipment.  
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 Prefer quieter lighting systems in classrooms. 

VII. CONCLUSION 

School environment plays a significant role on students’ and 

teachers’ wellbeing and outcome. Although it is a 

multidimensional concept, thermal, air quality, visual and 

acoustic comforts are key components of school environment. 

It is clear that it is difficult to acquire desired results without 

psychologically and physically appropriate conditions. It can 

be derived from the above-mentioned literature that desirable 

indoor temperature should be between 20°C and 25.5°C, air 

humidity between 30% and 60% depending on the season, air 

ventilation between 15 and 60 cubic feet per minute of outdoor 

air for each person, CO2 levels less than 700 parts per million 

(ppm) above ground levels and illuminance levels between 300 

and 500 lux. These figures are given below in Table 1 although 

it should be kept in mind that they may vary in accordance with 

outside and individual conditions. 

 

Table 1: Desirable Indoor Conditions 

DESIRABLE INDOOR 

CONDITIONS 
MIN. MAX. 

Indoor Temperature 20°C 25.5°C 

Air Humidity (cubic feet per minute 

of outdoor air for each person) 
30% 60% 

Air Ventilation (cubic feet per 

minute of outdoor air for each 

person) 

15 60 

CO2 Level (parts per million above 

ground levels) 
  700 

Illuminance Level (lux) 300 500 

Sound Frequency (Hz) 500   

Ambient Noise Level, LAeq,30mins 

(in classrooms, breakout areas and 

lecture rooms) 

  35 dB 

Ambient Noise Level, LAeq,30mins 

(in libraries, science laboratories and 

sports halls) 

  40 dB 

Ambient Noise Level, LAeq,30mins 

(in corridors, staircases, locker 

rooms, staff rooms, medical rooms 

and dining rooms) 

  45 dB 

 

Otherwise, inappropriate school environmental conditions 

lead to some disorders such as attention loss, visual discomfort, 

unfavorable speech mask effect, high level of absenteeism and 

most importantly communicable diseases. In addition, 

workplace sick syndrome becomes an obstacle in front of an 

individual’s wellbeing and productivity. It is also worth 

mentioning that making the use of natural sources such 

sunlight and wind-driven ventilation should be taken into 

consideration.  

The first step to prevent negative effects of poor school 

environment should be collecting the current environmental 

data at least concerning four basic factors as thermal, indoor air 

quality, visual and acoustic comfort levels. The next step 

should be to applying to the international standards according 

to the regional conditions. Furthermore, building a school 

environment and energy policy can help school staff and 

students to develop awareness of environment and efficient 

energy consumption. To begin with, as school administrators 

may not be knowledgeable on the issue, it can be motivating to 

follow or adapt successful (inter)national samples, devote 

lessons to the issue, organize school conferences, competitions 

and science fairs.  
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