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Abstract 

This research involved investigating the effects of a First Nations school’s indoor environ-

mental quality on health and human performance. This research project was conducted in 

partnership with the Sagkeeng First Nations community in Manitoba. The indoor environ-

ment of a school building is a complex system involving many parameters that may have 

an impact on indoor air quality and thermal comfort. Air quality in schools depends 

strongly, on one hand, on the interaction between the building and its outdoor environment, 

and, on the other hand, on the way a building is used, operated, and maintained. School 

buildings should use a properly designed heating, ventilation, and air conditioning system 

that maintains an adequate supply of cleaner air and sets up optimal heating. 

This study provided empirical evidence to the claim that First Nations schools can be ex-

posed to adverse indoor environmental conditions based on the school studied in this re-

search. The evidence was based on objective measurements of indoor environmental qual-

ity and a subjective survey conducted among the school’s teachers. In addition, a series of 

statistical analyses in Statistical Package for Social Science 25 and Excel were performed 

to examine the associations between building characteristics, indoor environmental param-

eters, and teacher's health. Finally, thermal imaging was conducted to check the thermal 

performance of the building envelope. The physical measurement campaign consisted of 

measuring the indoor environmental parameters: indoor air temperature, relative humidity, 

and carbon dioxide concentrations in 9 classrooms. Consequently, along with the compre-

hensive physical measurements, fundamental knowledge, of the building and its systems 

was also needed to identify principal factors that adversely affect indoor school environ-

ments. On-site continuous records of air temperature showed underheating and overheating 
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of the school during the year. Air temperatures as high as 35.1°C (winter season) and as 

low as 9.6°C (spring season) were recorded in the school during occupied hours. Indoor air 

was dry in the winter as relative humidity values were less than 30%. Moreover, thermal 

comfort parameters were found to be influenced by the heating, ventilation, and air condi-

tioning system, poor thermal performance of the building envelope, and classroom orien-

tation.  

The results of the subjective survey demonstrated that approximately 70% of teachers re-

ported poor indoor air quality as the biggest problem in the school. Statistically significant 

associations (p < 0.05) were found between teachers’ satisfaction with classrooms’ indoor 

air quality and their characteristics such as ventilation system, maintenance, and cleanli-

ness. The fifth part of the school pedagogical staff pointed out that poor indoor air quality 

was the main source of health problems such as headaches, fatigue, aggravation of asthma 

and allergies, stuffy nose, and difficulties with breathing. The relationships between phys-

ical measurements (i.e., temperature, relative humidity, and carbon dioxide) and the score 

of having adverse health symptoms were evaluated using the linear regression model. The 

decrease in mean indoor air temperature was statistically significantly associated with an 

increase in the score of having sick building syndrome (Beta= -1.163, CI [-2.104; -0.221], 

p < 0.05) while the increase in relative humidity was statistically significantly associated 

with an increase in the score of having sick building syndrome (Beta = 0.783, CI [1.561; 

0.005], p < 0.05). Furthermore, the associations between performance and satisfaction with 

indoor air quality, acoustics, and lighting comfort were found to be statistically significant 

(p < 0.05).  
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1 Introduction 

Schools are a category of buildings where good indoor environmental quality (IEQ) may 

considerably improve occupant’s attention, concentration, learning, and performance 

(Corgnati, Filippi, and Viazzo 2007).  On the other hand, poor IEQ has been found to be 

associated with a negative impact on health (Mendell 1993; Seppänen 1999)  While air 

pollution affects people of all ages, children are the most vulnerable layer of the population. 

According to the Report on Pollution in Canadian families (2006), children are especially 

more susceptible to poor indoor air quality (IAQ) because they breathe higher volumes of 

air relative to their body weights, and their tissues and organs are actively growing. Raysoni 

et al. (2013) echoed this finding that children are more sensitive to pollutants given their 

weak immune system and developing organs.  

 

First Nations children are at an increased risk of poor IEQ compared to other children in 

Canada as they face unique socio-economic, cultural, and environmental risks. The Envi-

ronmental Protection Agency (EPA) (2014) indicated that First Nations children with hy-

persensitivity, allergies, and other health issues are especially vulnerable to the effects of 

unhealthy indoor environments. Furthermore, these communities are mostly located in 

Canada’s remote and colder regions; henceforth, more likely to live in poor housing con-

ditions than the general population. Studies conducted on First Nations communities re-

lated poor housing conditions to poor health outcomes (Jenkins et al. 2003; Polyzois et al. 

2016; Kovesi et al. 2007; Knotsch and Kinnon 2011; Berghout et al. 2005). 
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Furthermore, IEQ in schools is important given the time children spend in schools. Addi-

tionally, teacher’s health is crucial because of their role in education and the future success 

of children (Kielb et al. 2015). It is therefore important that schools have excellent indoor 

environmental quality, and in particular, indoor air quality. For example, the Environmen-

tal Protection Agency (EPA) (2014) reported that IAQ in schools could have a significant 

impact on children’s health, learning, absenteeism, performance, and productivity 

(Haverinen-Shaughnessy, Moschandreas, and Shaughnessy 2011; Simons et al. 2010; 

Meklin et al. 2002). Additionally, several studies provided evidence that ventilation, build-

ing-related health symptoms, and reduced indoor air quality impact productivity in adults 

(Seppanen et al. 1999; Sundell et al. 2011; Kielb et al. 2015). Exposure to indoor air pol-

lutants is associated with a multitude of respiratory and systemic illnesses. For instance, 

the poor quality of air in classrooms causes pupils health problems, such as flu, respiratory 

disorders, fever, and many more. Health Canada (2007) states that health problems include 

the development and exacerbation of asthma, airway irritation, inflammation, and non-res-

piratory symptoms, such as headaches, fatigue, and eye irritation. Moreover, long-term or 

acute exposures to high indoor pollutants can lead to lung cancer and premature death (EPA 

2012).   

 

Some authors (e.g., Sundell et al. 2011; Smedje, Mattsson, and Wålinder 2011) investi-

gated this relationship and found that low ventilation rates are associated with increased 

absenteeism and more respiratory symptoms in schoolchildren. Furthermore, Almeida and 

De Freitas (2014) found an inadequate ventilation system to be the main reason for air 

quality problems. They also found that air quality problems in schools were exacerbated 
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by uncleaned or improperly cleaned indoor surfaces and crowded classrooms. Addition-

ally, delaying routine maintenance and servicing of indoor facilities and ventilation sys-

tems can potentially lead to IAQ problems (Guo et al. 2008). Pollution problems in schools 

also arise due to cheap materials being used for construction, inadequate funding leading 

to environmental deficiencies from poor maintenance and servicing of facilities, and 

inproper landscaping (Mendell and Heath 2005; Godwin and Batterman 2007). 

 

Thermal comfort is one of the critical indoor environmental factors occupants pay the most 

attention to. People have different thermal sensations, even in the same environmental con-

ditions (Djongyang, Tchinda, and Njomo 2010). Satisfaction with the thermal environment 

is a complex subjective response to several interacting tangible (e.g., the acceptable ther-

mal-comfort range, the metabolic and clothing-insulation rate values) and less tangible var-

iables (e.g., cognition, acclimatization, and expectations) (Ogbonna and Harris 2008). In 

comparison to adults, children are less bothered by thermally uncomfortable conditions in 

a classroom (Bluyssen et al. 2018). Havenith (2007) suggested that differences in metabolic 

rates of children and adults for typical indoor activities might explain the differences in 

thermal sensations when exposed to the same temperatures.  

 

Thermal comfort dissatisfaction leads to productivity loss (Roelofsen 2016; Akimoto et al., 

2010, Lan, Wargocki, and Lian 2011; Witterseh, Wyon, and Clausen 2004; Lan, Lian, and 

Pan 2010). The vital parameter that defines thermal comfort is the level of humidity in the 

air. School occupants may suffer from extremely high or extremely low humidity depend-

ing on the time of year, and both have been linked to adverse health effects (Angelon-Gaetz 
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et al. 2015) to mold growth, all factors impacting performance, learning ability (Wargocki 

2000), and absenteeism (Fischer and Bayer 2001).  

 

Among the different parameters affecting thermal conditions, the temperature has a rele-

vant role in the perception of the environment. When classroom temperature went down, 

students' performance significantly improved (Wargocki and Wyon 2007). Air temperature 

has a powerful effect on the prevalence of Sick building syndrome (SBS) symptoms 

(Jaakkola, Heinonen, and Seppänen 1989; Witterseh et al. 2004). Some studies (e.g., De 

Giuli, Da Pos, and De Carli 2012; Mumovic et al. 2009; Montazami and Nicol 2013) re-

ported that thermal comfort was acceptable in school buildings even though temperatures 

tended to be higher (Teli, Jentsch, and James 2014). School buildings might not be cur-

rently designed according to their main occupant's thermal needs. Overheating causes ther-

mal diversity and discomfort, which could be due to solar gains through large windows. 

The building design envelope has a significant impact on indoor thermal conditions. The 

thermal condition inside a building directly relates to the buildings’ architectural and con-

structional characteristics, including layout, space dimensions, window wall ratios, exter-

nal shadings, and building thermal envelope properties (Zomorodian, Tahsildoost, and 

Hafezi 2016).  

Providing people the possibility to control the indoor environment improves thermal com-

fort and overall satisfaction with IEQ (Frontczak and Wargocki 2011). Adaptive opportu-

nities to restore comfort could include clothing adjustments, occupant control of heating 

and cooling systems (e.g., use of thermostats), opening windows, drinking cold or hot liq-

uids, using window blinds or personal fans, or moving to another location (Karjalainen 

https://www-sciencedirect-com.uml.idm.oclc.org/topics/engineering/thermal-envelope
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2009; Frontczak and Wargocki 2011; Lin and Deng 2008). 

 

Lighting comfort in schools significantly impacts learning, visual performance, and health 

(Korsavi, Zomorodian, and Tahsildoost 2016). Some studies suggest that daylight plays an 

essential role in achieving comfort and increasing productivity. For instance, Rittner and 

Robbin (2002) reported that daylight helps students retain and learn information. Hathaway 

(1983) discovered that teachers prefer daylighting. Furthermore, Lang (2002) argued that 

teachers like to have control over lighting levels (cited in Winterbottom and Wilkins 2009). 

Moreover, Lin et al. (2020) advised that “careful consideration regarding light sources 

should be exercised in the design and construction of buildings.”  

 

Classroom acoustics is another crucial aspect for both teachers and students. A right acous-

tical environment remarkably enhances the learning, productivity, and satisfaction of build-

ing occupants. The survey conducted by Turunen et al. (2013) showed that noise was one 

of the most frequently reported factors causing daily inconvenience in classrooms since 

speaking and hearing are the most important modes of communication in teaching (Sala 

and Viljanen 1995). Teachers identified noise generated by students and teachers in adja-

cent rooms, along with the noise generated within the classroom, to be the main reasons 

for poor acoustics (Zannin and Marcon 2007). Poor acoustics in classes is associated with 

various adverse effects, including reduced concentration and performance, decreased 

speech communication quality, fatigue, and voice problems in teachers (Astolfi and 

Pellerey 2008;  Kristiansen et al. 2013; Puglisi et al. 2015).  
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Healthy acoustic comfort could be achieved by minimizing noise from external (e.g., traf-

fic) and internal (e.g., HVAC, chatting) sources (Puglisi et al. 2015). External noise is 

higher when the schools are located near main streets, commercial areas, and airports 

(Puglisi et al. 2015). Acoustical satisfaction was lower in nonrenovated classrooms, e.g., 

without sound-absorption treatment (Astolfi and Pellerey 2008). Seep et al. (2002) stated 

that the main reason for acoustics issues is not the “lack of resources, but rather of percep-

tion of the problem on the part of the professionals involved and a lack of solutions” (cited 

in Zannin and Zwirtes 2009). Seep et al. (2002) highlighted that acoustics problems should 

be considered in the design stage (cited in Zannin and Zwirtes 2009). Furthermore, Lin et 

al. (2020) suggested that “increased spacing between respective classrooms and/or thicker 

walls in schools could potentially mitigate the need for teachers to overcompensate when 

excessive noise presents.”  

 

Surprisingly, even though children aged 14 and younger represent 16.5 % of the Canadian 

population (Statistics Canada, 2010), there is little empirical evidence on IEQ in Canadian 

schools. Moreover, the relationship between health, absenteeism, and poor air quality has 

been far less studied in schools than in other building types (e.g., offices). Similarly, most 

studies investigated lighting in offices, and there is a scarcity of research studies on schools. 

There is, in particular, a knowledge gap on indoor environmental quality and its effects on 

occupant’s health in First Nations schools. The results and remedial measures from the 

previous studies are not transferable to schools in Canada, and particularly to First Nations 

schools, due to the complexity and specificity of the school environments across different 

localities and climates. Consequently, the knowledge from these previous studies cannot 
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be applied directly to First Nations schools. Therefore, there is a great need for a holistic 

analysis of First Nation schools to identify associations between environmental character-

istics and the health and comfort of school occupants.  

1.1 Objectives 

This interdisciplinary collaborative research study addresses the cross-cutting research 

theme of “Indigenous Research” and the research theme of “Integrative Research in Health 

and Well-Being” as defined in the University of Manitoba Strategic Research Plan 2015-

2020 (University of Manitoba, 2014). The proposed research strengthens partnerships with 

communities by focusing on improving health and education outcomes in First Nation 

schools, which are strategic priorities of the University of Manitoba Strategic Plan 2015-

2020 (University of Manitoba, 2014). The study is conducted in collaboration with the First 

Nations community of Sagkeeng. This community was chosen because of an ongoing col-

laboration with the University of Manitoba regarding examining IAQ in homes.  

The goal of this research study is to evaluate IAQ, thermal comfort, acoustics, and lighting 

comfort related to health symptoms in First Nations School in Manitoba (Canada) and sug-

gest mitigation measures. 

The specific objectives include: 

 Evaluating long-term physical measurements of indoor air quality and thermal 

comfort in school 

 Evaluating occupants’ perceptions of indoor air quality and thermal comfort in First 

Nation school 

 Assess the relationships between IAQ, thermal comfort, acoustics, and lighting 
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comfort, and health symptoms in school. 

1.2 Contribution to the field 

The contributions of this study are as follows: 

1. It represents one of the few studies conducted on First Nations schools in Canada. 

2.  It strengthens partnerships with First Nations communities by focusing on improv-

ing the performance of the school, school occupants’ health, and education out-

comes in First Nations schools. 

3.  It enables a better understanding of indoor environmental quality in First Nations 

schools. 

4. It fills a knowledge gap relating to indoor environmental quality to its adverse ef-

fects on school occupant’s health in First Nations schools in Canada.  

1.3 Thesis structure 

Chapter 2 provides an in-depth literature review on indoor environmental quality in school 

buildings and its influence on the health of school occupants. 

Chapter 3 presents the research methodology used in the research. The chapter describes 

how the methodology was applied to the school analyzed. 

Chapter 4 presents the results of analyzing physical long-term measurements and ques-

tionnaire responses. The discussion of those results in relation to those from previous stud-

ies is also included in this chapter.  
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Chapter 5 provides a summary of the findings of this research related to indoor environ-

mental quality parameters in the school building and its impact on the health of school 

occupants. This is followed by a consideration of potential future refurbishment measures 

to improve IAQ and thermal comfort of the school building. 

Chapter 6 presents the limitations of the research and recommendations for future research 

to address these limitations. 
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2 Literature review 

This chapter provides a comprehensive review of studies that explored how different in-

door environmental quality parameters (i.e., air quality, thermal comfort, visual comfort, 

and acoustic comfort) influence occupants’ health and performance. 

2.1 Indoor Environmental Quality 

Canadians spend approximately 90% of their time indoors, including homes, offices, 

schools, and daycare centers (Matz et al. 2014). Consequently, indoor conditions have a 

significant impact on their health and performance (Frontczak and Wargocki 2011). The 

Center for Disease Control and Prevention (2013) defines indoor environmental quality 

(IEQ) as “the quality of a building’s environment concerning the health and well-being of 

those who occupy space within it.”  

 

Healthy buildings with good environmental quality lead to happier inhabitants (Mendell et 

al., 2002). There is evidence in the literature that the improvement of IEQ will positively 

affect occupants’ health. Furthermore, literature studies show increasing awareness with 

respect to IEQ and its effects on the satisfaction, and performance of occupants. For exam-

ple, Miller et al. (2009) found that improving IEQ could increase productivity by 4.8% and 

reduce sick leave days. Singh et al. (2010) echoed these findings by reporting that improved 

IEQ led to reductions in absenteeism and work hours because of asthma, respiratory aller-

gies, depression, and stress and to self-reported improvements in productivity.  
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However, Frontczak and Wargocki (2011) reported that even if indoor conditions were the 

same, occupants can have different perceptions, which leads to different subjective re-

sponses. Bluyssen et al. (2018) found that overall satisfaction was affected not only by 

satisfaction with indoor environmental factors but also by control over the indoor environ-

ment, the amount of privacy, office layout, decoration, and cleanliness. To improve satis-

faction with indoor conditions, people need to control the indoor climate through behaviors 

such as the opening of windows, air-conditioning, and the control of temperature, lighting, 

and solar shading (Frontczak et al., 2012). As a result, IEQ has a significant impact on the 

energy consumption of any building.   

 

Poor indoor environmental quality may be a risk for occupants’ health. Unhealthy build-

ings, according to relevant studies (Daisey, Angell, and Apte 2003), have been associated 

with the high prevalence of sick building syndrome symptoms: headaches, dry eyes or 

throat, itchy eyes, sneezing, blocked and stuffy nose, runny nose, and dry or irritated skin. 

Similarly, Hancock and Vasmatzidis (1998) found that poor indoor environments could 

cause dizziness, throat irritations, and other health problems, which could, in turn, lead to 

decreased occupant satisfaction, performance, and productivity. Furthermore, Wargocki et 

al. (2000) found a relationship between poor IEQ conditions and sick building syndrome 

(SBS), and between good IEQ and improved health and productivity. 

 

Poor IEQ particularly harms vulnerable population groups such as children (Vilcekova et 

al. 2017). Consequently, school buildings require more attention concerning the issues of 

IEQ compared to other structures (Allab et al. 2017).  Over the last decades, several studies 
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investigated indoor environmental quality in school buildings worldwide, including devel-

oped countries, and reported that IEQ in school buildings played a vital role in the health 

and performance of school staff and students (Vilcekova et al. 2017; Bluyssen et al. 2018; 

Ekren et al. 2017; Dias Pereira et al. 2014; De Giuli et al. 2012).  For example, Vilcekova 

et al. (2017) found that the main concerns for schools were high concentrations of carbon 

dioxide (CO2), insufficient light, uncomfortable thermal conditions, and acoustic discom-

fort. Zhang et al. (2011) discovered the prevalence of sick building symptoms in school 

premises and negative relationships between the temperature, humidity, and CO2 levels.  

 

Furthermore, Bluyssen et al. (2018) reported that unacceptable environmental conditions 

in classrooms were due to poor ventilation, noise, inadequate heating, or lighting that af-

fected the health, comfort, and performance of occupants. Moreover, several studies as-

sessed the relationships of various health outcomes among occupants with indoor environ-

mental factors in schools. For instance, Haverinen-Shaughnessy and Shaughnessy (2015) 

reported that poor indoor environmental quality in schools might result in illness, leading 

to absenteeism, adverse health symptoms, and decreased academic performance.  

 

Teachers and other school staff also spend much of their day in school. Therefore, they are 

subjected to the influence of indoor environmental factors such as thermal comfort, indoor 

air quality, noise, and lighting. A limited number of studies concentrated on investigating 

the relationships between indoor environmental quality and building-related health symp-

toms among teachers (Kielb et al. 2015; Price 2002; Lin et al. 2017; Claudio, Rivera, and 

Ramirez 2016). Thus, Lin et al. (2017) reported that poor outdoor air quality in school 
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caused by nearby traffic and improper cleaning of ventilation systems was associated with 

asthma, allergy, and respiratory infection among teachers. Furthermore, Claudio et al. 

(2016) found that respiratory infections, asthma, colds, eye irritation, nasal congestion, and 

sore throat were associated with the classroom environment such as dampness, dust, and 

inadequate indoor-outdoor air exchange. The results of their study indicated that the school 

environment could affect a teacher’s respiratory health.  

 

Although the indoor environmental quality in school buildings has been extensively stud-

ied in different countries with various climate conditions, only a few attempts have been 

made to holistically analyze the IEQ of First Nation Schools or schools for Inuit people. 

Moreover, the results of previous studies cannot be applied directly to First Nations schools 

due to the complexity and uniqueness of the school environments across different localities 

and climates. Therefore, this knowledge gap should be addressed in the future by conduct-

ing comprehensive IEQ investigations in Indigenous schools across Canada.   

 

IEQ includes many parameters such as thermal comfort, indoor air quality, ventilation 

rates, acoustics, ergonomics, and visual comfort that may have an impact on occupants 

within the building. Nevertheless, the four major environmental factors are thermal Com-

fort (TC), Indoor Air Quality (IAQ), Acoustic Comfort (AC), and Visual Comfort (VC) 

(D’Ambrosio et al., 2010). Moreover, Frontczak, Andersen, and Wargocki (2012) high-

lighted that respondents indicated that all 4 main environmental parameters were equally 

important in providing a good indoor environment. Thus, the following sections discuss 

four major environmental factors: indoor air quality, thermal comfort, acoustic comfort, 
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and visual comfort in detail. 

 

2.1.1 Indoor Air Quality (IAQ) 

Al horr et al. (2016) defined indoor air quality (IAQ) as the degree of quality of the indoor 

air of a building.  Hui et al. (2006) defined it as the “air, determined by cognizant authori-

ties, not to contain known contaminants at harmful concentrations and which majority of 

the inhabitants (more than 80%) express satisfaction”. Good indoor air quality has been 

linked to an increase in productivity, concentration power, and performance of a person 

(Pei et al. 2015). Children are more susceptible to poor air quality than adults because they 

breathe higher volumes of air relative to their body weights, and their tissues and organs 

are actively growing (Schwartz, 2004). Furthermore, children have less resistance to chem-

icals and allergens or irritants. The National Academy of Science (2000) named IAQ con-

taminants such as tobacco smoke, dust mites, mold, and bacteria as the main reasons for 

asthma development, particularly in children.  

 

School buildings are subject to various conditions that can affect indoor air quality (Kielb 

et al. 2015). Ung-Lanki, Lampi, and Pekkanen (2017) attributed poor indoor air quality to 

conditions such as insufficient ventilation, thermal conditions, chemical exposures, or pro-

blems with dampness and mold. Based on previous studies, the authors concluded that all 

of these reasons might worsen children’s performance and health. Zhao et al. (2008) ech-

oed that indoor air quality might be further exacerbated by pollutants such as molds, vola-

tile organic compounds, particles, allergens, bacteria, and formaldehyde. Tighter, sealed 
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buildings combined with the presence of indoor emission sources can worsen indoor air 

quality compared with the outdoors (Franklin 2007; Montgomery and Kalman, 1989), 

which can significantly influence the health, learning, and productivity of occupants.  

 

The quality of indoor air and the concentration of air pollutants dramatically depends on 

the ventilation system and its condition. According to Madureira et al. (2009), indoor air 

pollutants, even at a low level, can lead to the development of respiratory symptoms. Tu-

ranjanin et al. (2014) reported that the learning ability of students improves with fresh air 

circulation in the classrooms. Smedje and Norbäck (2000) echoed these results, relating 

poor indoor air quality to the increased prevalence of allergies and asthma, especially in 

children and school-aged individuals. Annesi-Maesano et al. (2012) reported cases of 

asthma and rhinitis in children in French primary schools because of poor indoor air qual-

ity.  

 

Teachers play a significant role in the education and future success of children, thus the 

need to consider teachers’ health. A few studies concentrated on the impact of poor IAQ 

on teacher’s health symptoms (Kielb et al., 2015; Schneider, 2003; Ebbehoj et al., 2005). 

For example, Kielb et al. (2015) found that many teachers reported that the school envi-

ronment caused health problems.   

 

Indoor air quality can be improved in two main ways: by increasing the ventilation rate of 

outdoor air and by minimizing or controlling the air pollutant load in the air (Al Horr et al., 
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2016). Carbon dioxide concentration is often used as a surrogate of ventilation quality as-

sessment (Daisey et al., 2003). According to ASHRAE Standard 62-2007 Ventilation for 

Acceptable indoor air quality in an occupied classroom situation, the recommended level 

of ventilation corresponds to CO2 levels of approximately 1000-1100 ppm (ASHRAE, 

2007). Indoor CO2 concentrations above approximately 1000 ppm are generally regarded 

as indicative of unacceptable ventilation rates (Daisey et al., 2003) and possibly containing 

higher levels of other pollutants, harming human health (Asif, Zeeshan, and Jahanzaib 

2018). 

 

Some studies measured carbon dioxide levels in school buildings. In general, these studies 

showed that a significant proportion of classrooms do not meet the ASHRAE Standard for 

minimum ventilation rate. Brennan (1991) reported that carbon dioxide concentrations in 

nine United States schools ranged from about 400 to 5000 ppm, with a mean of 1480 ppm. 

Approximately, 74% of them had CO2 levels over 1000 ppm. Swedish schools were studied 

by Smedje et al. (1996).  Although the mean CO2 concentrations in 38 schools were 990 

ppm, 41% had measurements above 1000 ppm and a maximum of 2800 ppm. Additionally, 

Hou, Liu, and Li (2015) indicated that classroom ventilation is often inadequate, and that 

“it is not unusual to find CO2 above 3000 ppm in classrooms”. 

 

Some studies on IAQ reported evaluated the relationships between high concentrations of 

CO2 and some health-related issues. These issues include SBS symptoms, allergies, and 

asthma symptoms (Fisk and Rosenfeld, 1997). Willers et al. (1996) revealed that 11 Swe-



17 

 

dish schools with a higher prevalence of sick building syndrome symptoms had CO2 con-

centrations from 875 ppm to 2150 ppm with a mean of 1100 pm.  Myhrvold et al. (1996), 

in their study of five Norwegian schools, reported a statistically significant partial correla-

tion (i.e., one-way Anova, p<0.001) between symptoms of headaches, dizziness, tiredness, 

unpleasant odour, and high CO2 concentrations.  

 

First Nations children are at an increased risk of poor air compared to other children in 

Canada. They face unique socio-economic, cultural, and environmental risks (Assembly of 

First Nations Environmental Stewardship Unit, 2008). First Nations children with hyper-

sensitivity, allergies, and other health issues are especially vulnerable to the effects of un-

healthy indoor environments (Assembly of First Nations Environmental Stewardship Unit 

2008). Kovesi et al. (2007) reported that Inuit children have the highest reported rate of 

hospital admissions because of lower respiratory tract infections caused by the poor indoor 

air quality of their houses. They found a strong association between indoor CO2 levels and 

the risk of lower respiratory tract infection among Inuit infants and young children.  Kovesi 

(2012) attributed the high rates of respiratory diseases among Indigenous children to pov-

erty, overcrowding, housing in need of significant repairs and better ventilation, and in-

creased exposure to environmental tobacco smoke. Jenkins et al. (2003) echoed that inad-

equate housing, including overcrowding, smoking, and inappropriate ventilation systems, 

increases the risk for lower respiratory tract infections among Indigenous people.  

 

IAQ in schools is of essential importance for Indigenous children, given the time they 

spend in schools and poor IAQ in their homes. While improving IAQ in homes is more 
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intensive in both time and cost, enhancing IAQ in schools can be done rapidly and affect 

many children positively. Nevertheless, there is a considerable research gap in investigat-

ing the relationship between schools’ IAQ and the health symptoms of Indigenous children. 

Thus, there is a great need for research that will focus on collecting data on the health and 

education outcomes of Indigenous children. 

2.1.2 Thermal comfort 

Thermal comfort is “that condition of mind which expresses satisfaction with the thermal 

environment” (ASHRAE, 2004). The skin perceives thermal comfort parameters, including 

air temperature and relative humidity (RH), so when people are thermally comfortable, 

they feel neither warm nor cold but neutral (Frontczak and Wargocki 2011). Comfort is 

only possible when body temperature is within acceptable limits when skin moisture is 

low, and when the physiological effort of thermal regulation is reduced (Lin and Deng 

2008). Satisfaction with the thermal environment is a complex subjective response to sev-

eral interacting and less tangible variables (Ogbonna and Harris 2008). Thermal comfort is 

dependent on some environmental (e.g., air temperature, radiant temperature, relative hu-

midity, and air velocity) and personal factors (e.g., metabolic rate and clothing insulation) 

(Ravindu et al. 2015). If the thermal environment is not comfortable, occupants sometimes 

also adapt by regulating the indoor environment using behavioral changes such as the al-

tering of clothing, the relaxation of expectations, and the opening of windows (Frontczak 

and Wargocki 2011; Lin and Deng 2008). 

 

Thermal comfort is a subjective parameter as the perception of thermal comfort depends 

https://www-sciencedirect-com.uml.idm.oclc.org/science/article/pii/S0360132310003136#!
https://www-sciencedirect-com.uml.idm.oclc.org/science/article/pii/S0360132310003136#!


19 

 

on the person and his physical state. It is very challenging to provide thermal comfort that 

satisfies everyone because people’s thermal sensations are different, even in the same en-

vironment (Djongyang et al. 2010). For example, some studies reported that the gender 

difference related to preferred temperature and thermal comfort between males and females 

is relatively small (Parsons 2002; Fanger 1970). These findings are generally based on 

thermal comfort responses in questionnaires. Nevertheless, a few studies (e.g., Cena and 

Dear 2001; Parsons 2002) argued that females express significantly more thermal dissatis-

faction than males. Females are less satisfied with room temperature, prefer higher tem-

perature, and feel both uncomfortably cold and uncomfortably hot more often than males 

(Karjalainen 2007). Additionally, children are usually more sensitive to changes in tem-

perature than adults (Teli et al. 2014) due to metabolic rate, clothing, and the limited adap-

tive behavior of children, thus the need to comply with existing thermal comfort standards 

in school premises. Indoor comfort in classrooms should follow standards, such as ISO 

7730, EN15251, and ASHRAE Standard 55 (Mishra et al. 2017).  

 

Comfort in the thermal environment has been viewed as a problem of heat balance (Fanger, 

1970). Previous research showed that overheating in schools is a major problem 

(Montazami and Nicol 2013). Teli et al. (2014) attributed this to school buildings not being 

design to their main occupant’s thermal needs. Thus, maintaining adequate thermal com-

fort is an important issue.  

 

Thermal comfort, together with indoor air quality, has a significant influence on produc-

tivity, concentration, performance, and health of school occupants. Some studies showed a 

https://www-sciencedirect-com.uml.idm.oclc.org/topics/engineering/metabolic-rate
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relationship between the work performance and thermal comfort of workplace occupants 

((Roelofsen 2016; Al horr et al. 2016; Lan et al. 2011)). On the one hand, workers’ pro-

ductivity increased when an environment moved to a preferred thermal state (Al horr et al. 

2016). On the other hand, workers’ dissatisfaction with thermal comfort may cause produc-

tivity loss (Roelofsen 2016; Wong and Khoo, 2003; Seppanen et al. 2003).  

 

Over the past several decades, there have been many efforts to examine the relationship 

between air temperature and occupant performance (Jiang et al. 2018). Temperature change 

within the 18°C - 30°C range can influence the performance of office occupants in tasks 

like typewriting, learning performance, and reading (Al horr et al. 2016). Seppanen et al. 

(2006) reported a decrease in occupant performance by 2% per 1°C increase in tempera-

tures in the range of 25°C - 30°C. Cui et al. (2013) found that learning is affected by a 

room’s temperature, while ‘warm’ environmental discomfort is more harmful to perfor-

mance than ‘cold’ discomfort. Furthermore, the authors suggested that a slightly cold to 

neutral indoor climate would not significantly reduce the learning performance. Al horr et 

al. (2016) reported that despite ambient temperature playing a significant role in defining 

occupants’ thermal comfort, personal control over that comfort is associated with higher 

thermal comfort satisfaction due to individual differences in comfort expectations (Moezzi 

2009).  

 

Previous research studies have focused mainly on adult perception and productivity in in-

door environments (e.g., offices), with some data devoted to the thermal comfort percep-
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tion and learning performance of children. Allab et al. (2016) reported high levels of dis-

satisfaction among students regarding thermal comfort in classrooms, including classrooms 

in developed countries. Some researchers found that the thermal comfort temperature of 

children differs from those of adults (Teli et al., 2014; Trebilcock et al. 2017). Wargocky 

and Wyon (2007) suggested that increased temperature harms pupils’ performance. Jiang 

et al. (2018) agreed with the previous findings, adding that thermal discomfort caused by 

high or low temperatures negatively affects learning.  

 

Another vital parameter that defines thermal comfort is the level of humidity in the air. 

BSRIA Applications Guide AG10/94.1 “Efficient Humidification in Buildings” concluded 

that RH is an essential variable for the thermal comfort of humans. ASHRAE recommends 

that indoor RH should be between 30-60 % (Standard 62-1999), as it allows them to func-

tion optimally (ASHRAE, 2001). The EPA recommends keeping the same indoor relative 

humidity level to reduce mold growth. Most health effects increase in severity with RH 

levels above 60% or below 40% (Arundel et al., 1986).  

Although it is highly beneficial to control humidity at the school facilities, unfortunately, 

HVAC systems often cannot effectively manage space humidity (Fischer and Bayer 2001). 

RH levels below 30% adversely affect occupants’ health by causing sick building syn-

drome (SBS). If the air is too dry, respiratory problems coupled with skin and eye irritation 

can occur. For example, Green (1975) combined data for 11 years from 12 Saskatoon 

schools and found a statistically significant linear correlation between relative humidity 

and absenteeism (cited Arundel et al. 1986). Absenteeism dropped by 20% when the aver-

age relative humidity increased from 22% to 35%.  School occupants may suffer from 
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extremely high and extremely low humidity, depending on the time of year, and both have 

been linked to adverse health effects (Angelon-Gaetz et al. 2015). Low RH may cause 

drying and irritation of the skin and mucous membranes, increasing viral infection (Sato, 

Fukayo, and Yano 2003; Wolkoff 2018); Luksco et al. 2016). RH levels lower than 50 % 

will increase the influenza virus spread (Hemmers et al., 1960). Excessive dampness has 

been associated with asthma exacerbation, coughing, wheezing, bronchitis, and upper res-

piratory infections (Fisk, Eliseeva, and Mendell 2010). 

2.1.3 Acoustic comfort 

Navai and Veitch (2003) defined acoustic comfort as “a state of contentment with acoustic 

conditions.” The state of contentment with acoustics is achieved when occupants are satis-

fied with disturbance or noise levels (Jeon et al., 2010).  Frontczak & Wargocki (2011) 

argued that the term acoustic comfort is not commonly used and reported that “providing 

a good acoustic environment is mainly associated with preventing the occurrence of dis-

comfort (annoyance).”  Not many studies have been conducted to assess acoustic condi-

tions in school classrooms and their impact on students’ performance (Ricciardi and Buratti 

2018; Astolfi and Pellerey 2008; Connolly et al. 2015), and teachers’ performance (Klatte 

and Hellbroock 2010; Puglisi et al. 2015). This gap in the literature could be due to the lack 

of standardized measurement tools for evaluating the uncontrolled communication typi-

cally experienced in a classroom (Kennedy et al. 2006).  

 

The main parameters of acoustic comfort are background noise and reverberation time. 

Both parameters determine the quality of speech intelligibility. Pekkarinen and Viljanen 
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(1990) found that speech intelligibility decreases due to the smoothing effect of both pa-

rameters on the temporal envelopes of speech signals (cited Sala and Viljanen 1995). 

 

Children are more susceptible to background sounds in speech perception and listening 

comprehension than adults (Klatte and Hellbroock 2010). According to Astolfi and 

Pellerey (2008), students reported that acoustic and visual qualities have the most influence 

on their school performance. They expressed the same dissatisfaction with acoustic, ther-

mal, and indoor air quality. Furthermore, the authors found that one of the most adverse 

consequences of poor acoustics was decreased concentration. They also highlighted that 

poor acoustic conditions in classrooms negatively influenced the quality of speech com-

munication, reducing the school performance of students and causing fatigue to teachers. 

Furthermore, Kennedy et al. (2006) reported that accessible communication between stu-

dents in the classroom is as important to the students as communication with the instructor.  

 

Still, classrooms are a noisy and reverberant environment for speech communication (Sala 

and Viljanen 1995), and the reasons for poor acoustics are different. Excessive noise re-

duces speech intelligibility. For example, in a school when the teacher stands close to their 

students (from 1m to 8m), “the acceptable speech transmission can occur only when there 

are low noise level and good acoustic conditions” (Sala and Viljanen 1995). Furthermore, 

background noise in the classroom consists of a complex soundscape with various charac-

teristics (Pakulski et al., 2016). Excessive background noise can originate from outside the 

school building (e.g., transport or traffic noise) or from within it (e.g., HVAC system, 
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plumbing system, noise from adjacent classroom and hallways, or noise from student ac-

tivity).  

 

Based on results obtained from acoustic measurements and interviews, Zannin and Marcon 

(2007) reported that teachers and pupils found the noise generated and the voice of the 

teacher in neighboring classrooms as the primary sources of annoyance inside the class-

room. Astolfi, Bottalico, and Barbato (2012) found that one major noise issue was the stu-

dents talking in the classroom, thus students’ low acoustical satisfaction. Hodgson, 

Rempel, and Kennedy (1999) showed that generally, many classrooms had excessive re-

verberation and low speech levels, especially at the back of the rooms. Also, some classes 

had very noisy ventilation systems. Similarly, according to Zannin and Marcon (2007), the 

measured background noise in classrooms was much higher than the values recommended 

by both national and international standards. 

 

Furthermore, Woolner et al. (2007) investigated the impact of noise on students’ learning 

and teachers’ performance in schools. They highlighted that “pausing by teachers during 

bursts of external noise produces an effective reduction in teaching time” (Weinstein, 

1979). Studies also showed that noise is not only the most critical source of stress for teach-

ers (Enmarker and Boman 2004) but also the main cause for their absenteeism (Clausen, 

Christensen, Lund, & Kristiansen, 2009; Kristiansen, 2010).  This is because stressed 

teachers would hardly be able to interact patiently and friendly with children (Klatte and 

Hellbroock 2010). 
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Harris (1994) reported that the other key parameter: reverberation time, is dependent on 1) 

room volume, 2) sound frequency in the room and 3) the total sound absorption in the room 

(cited Zannin and Marcon 2007). Previous studies investigated the effects of acoustics on 

children’s performance in reverberant and non-reverberant classrooms (Klatte and 

Hellbroock 2010). The results based on the questionnaire showed that children from the 

classroom with longer reverberation time complained about higher indoor noise. Further-

more, their motivation to study was less favorable than children from less reverberant class-

rooms. Moreover, speech intelligibility was more mediocre in reverberant classrooms. 

Similalry, Hodgson, and Nosal (2002) concluded that lower reverberation time contributed 

to better acoustical classroom conditions. However, they warned that very low reverbera-

tion times are not desirable due to the worsening of reflected sound energy for listeners and 

speakers. Early sound reflections improved speech intelligibility.  

 

Previous research studies suggest that proper acoustics is essential for children's learning 

(Zannin and Marcon 2007; Dockrell and Schield 2004). Therefore, there’s a need to inves-

tigate factors that can influence acoustics comfort for students and teachers. However, the 

vast majority of these studies are conducted outside Canada and among the non-indigenous 

population. No research appears to have focused on the acoustics of First Nation schools 

in Canada. Moreover, no provincial building standards regarding classroom acoustics cur-

rently exist across Canada. These standards should be developed to ensure a better acoustic 

environment in classrooms and an improved learning process for children and teachers. 

2.1.4 Lighting comfort 



26 

 

Lighting comfort is another essential aspect in assessing the influence of indoor environ-

mental quality on building occupants. Lighting comfort is defined as “a subjective condi-

tion of visual well-being induced by the visual environment” (ECSB, 2011). Lighting con-

ditions are characterized by parameters such as luminance distribution, illuminance and 

uniformity, glare, color characteristics of lighting, color rendering, flicker rate, and amount 

of daylight (Chung and Burnett 2000). Some studies (e.g., Li et al. 2006; Xue, Mak, and 

Cheung 2014) point to the fact that lighting comfort is influenced not only by the physical 

factors but also by psychological and adaptive elements. Lighting conditions have a direct 

influence on occupants’ well-being and indirectly affect their work performance (Aries, 

Veitch, and Newsham 2010).  

 

Some researchers investigated whether building occupants prefer daylighting to artificial 

lighting. Cuttle (1983) reported that 86% of office workers prefer daylighting as a source 

of illumination as they believed that daylighting caused less stress and discomfort than 

electric lighting (cited Galasiu and Veitch 2006). For Xue et al. (2014) in both offices and 

homes, greater exposure to daylight improved people's psychological health and produc-

tivity. Access to daylighting affected occupant’s visual perception, mood, and satisfaction 

with visual comfort. Xue et al. (2014) found that visual comfort is based on behavior pat-

terns and daylight conditions. This is because the degree of visual comfort is the most 

affected by daylight, and the use of artificial lighting has a strong relationship with satis-

faction with visual comfort. In this case, using artificial light for many hours per day re-

sulted in poor daylighting conditions and decreased visual comfort. Veitch and Gifford 
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(1996) confirmed these findings by conducting questionnaires with office workers and uni-

versity students, who reported that daylighting was superior to other light sources.   

 

Lighting comfort in classrooms is a crucial factor in the learning process. Many researchers 

examined the effects of lighting quality in an indoor space and its impact on work perfor-

mance, comfort, and occupants’ satisfaction (Chung & Burnett, 2000; Veitch and 

Newsham 1998). However, there is limited agreement on how lighting influences human 

performance, comfort, and health. Knez (1995) suggested that indoor lighting influenced 

mood and cognition and might thus impact performance. In contrast, Veitch (1997) argued 

that lighting does not affect performance. One of the points of disagreement on how light-

ing influences performance is that quality differs from quantity (Veitch and News-

ham1998). Chung and Barnett (2000) found good lighting quality to be based on the ”ap-

propriate” quantity of light. Winterbottom and Wilkins (2009) reported that adequate light-

ing is not possible due to the classrooms’ design and infrastructure. Their study showed 

that mean illuminance was more than the recommended design level in 88% of classrooms. 

Intense lighting and excess glare can decrease visual comfort and cause headaches and 

impaired visual performance. At the same time, too dim lighting was significantly associ-

ated with having lighting-related symptoms such as headaches, fatigue, eye irritation, and 

the inability to concentrate (Lin et al. 2020). 

 

De Giuli et al. (2012) highlighted the need to enhance visual comfort in school buildings 

as children spend about 30% of their time in schools.  Schools may use daylighting or 

artificial lighting or a combination of both. Many researchers investigated the relationship 

https://www-sciencedirect-com.uml.idm.oclc.org/science/article/pii/S0272494409001078#bib15
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between children’s learning and different types of lighting. Daylight can influence reading 

(Sufar, Talib, and Hambali 2012), task involvement, productivity, mood, and health 

(Korsavi et al. 2016). Schreiber (1996) found that students were more relaxed and actively 

engaged in-class activities where brightness was reduced. Lyons (2002) suggested that the 

full spectrum of fluorescent lighting benefits learning (cited Winterbottom and Wilkins 

2009). Karpen (1993) offered to use a combination of full-spectrum fluorescent lamps with 

polarized diffusers to overcome some health symptoms like headaches, eyestrain, and fa-

tigue caused by inadequate lighting and excessive glare (cited Woolner et al. 2007).  

2.2 The approach methods 

Building performance assessment is a necessary and crucial step to provide suitable indoor 

environmental quality. Many research studies focused on evaluating the health effects of 

students and on identifying IEQ-related problems in classrooms by combining several 

methods for data collection (Kim et al., 2005; Van Dijken, Van Bronswijk, and Sundell 

2006; Bak-Biro et al., 2012; Dorizas et al., 2015). These data collection methods typically 

included: (1) building inspections, (2) questionnaire surveys, and (3) the measurements of 

vital IEQ physical parameters.  

2.2.1 Subjective approach 

A questionnaire is a research instrument composed of a set of questions (i.e., items) in-

tended to capture respondents' answers in a standardized manner (Bhattacherjee, 2012). A 

well-designed questionnaire can provide the researcher with the needed data to conduct a 
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comprehensive analysis. In this regard, previous research studies have shown that ques-

tionnaires are a suitable, valid, and useful tool for assessing IEQ issues including investi-

gating indoor air problems and for assessing the associations between the indoor environ-

ment and workers’ health (Reijula and Sundman-Digert 2004; Järvi et al. 2018; Dykes and 

Baird 2013).   

 

However, it is not easy to obtain accurate and complete information from a survey as “res-

ponse quality” may not be adequate because people tend to be busy, reluctant to open up 

to strangers, or consider the questionnaire as a waste of time (Johnson and Christensen 

2016). The authors thus suggested applying some essential guidelines to obtain high “re-

sponse quality,” such as: 

1) Motivate respondents so that they can take part in the questionnaire enthusiastically (i.e. 

offering monetary/non-monetary incentives or by highlighting the importance of the 

study). 

2) Pre-test questionnaire to know in advance what questions work and what don’t.  

3) The researcher should be organized, professional, and courteous.  

4) The researcher should have reasonable expectations, as it is impossible to conduct a 

“perfect study.”  

 

One of the major concerns associated with the subjective approach is sample-population 

congruence, which refers to representing the overall population by the sample of subjects 

(Johnson and Christensen 2016). Poor IAQ causes absenteeism. The researcher hands out 

the survey, but people most susceptible to poor IAQ are absent that day. In this regard, 
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Johnson and Christensen (2016) reported that bias in how well the sample represents the 

population could arise at the time of the initial selection of the sample or through incom-

plete responses of respondents who take part in the questionnaire. The questionnaire can 

include open-ended and closed-ended questions. The open-ended questions allow research-

ers to “collect qualitative data that may generate unexpected insights” (Bhattacherjee 

2012).  

 

Dykes and Baird (2013) summarized the use of statistical methods in the assessment of 

questionnaires. They reported that two main approaches to present the results of the survey, 

including the percentage of people satisfied or dissatisfied and measures of variability (e.g., 

mean scores, quartiles, and standard deviations through confidence limits). The authors 

introduced a COPE study that displayed results with the standard deviation, kurtosis, and 

skewness. Hence, the COPE study enabled an overall understanding of the score distribu-

tion. Additionally, to show the satisfaction or dissatisfaction of occupants, an n-point scale 

can be used to indicate satisfaction to display the percentage of complaints. Moreover, 

percentiles were the most common measure of relative standing in the questionnaire exam-

ples.  

 

2.2.2 Objective approach 

Heinzerling et al. (2013), discussed in detail objective measurement methods and tools. 

According to their study, these include using a range of tools (i.e., devices) to assess phys-

ical parameters of indoor environmental quality such as air temperature, RH, CO2, and 
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measurement procedures. Objective data methods involve the collection of actual data 

through physical measurements by sensors or other tools, meter readings, billing infor-

mation, and the review of design documents ( Alborz and Berardi 2015). Choosing the right 

tool to conduct measurements can be quite challenging as it is related to issues of ease of 

use, accuracy, calibration, limitations, and cost. The measurement procedure defines the 

use of tools to collect data, including information such as instruction on the placement of 

these tools. The measured values are compared to reference values such as ASHRAE 55 

(i.e., Thermal Environmental Conditions for Human Occupancy) to assess indoor environ-

mental quality parameters. After the collection of the data, the objective approach includes 

checking the statistical validity of the data, the testing of the hypothesis and research ques-

tions using statistical analysis, and the interpretation of results. 

 

2.2.3 Mixed approach 

Because occupants have different perceptions of IEQ even in the same indoor environment, 

it is necessary to complement an objective approach with a subjective approach (Berquist, 

Ouf, and O’Brien 2019). Thus, the mixed approach relies on a holistic research method 

that includes assessing quantitating and qualitative datasets. Both types of data have their 

strengths and limitations and provide different types of information.   A convergent parallel 

mixed method is typically adopted when two databases are analyzed separately. Then da-

tasets are merged using two approaches: side-by-side comparison and data transformation 

(Creswell 2014). The side-by-side comparison reports the quantitative statistical results 

and then discusses the qualitative findings that confirm or disconfirm the statistical results. 
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The data transformation includes the coding of qualitative data to form quantitative data to 

count.  

 

There are some limitations to mixed methods. Usually, the set of qualitative data is smaller 

than the collection of quantitative data. For example, one approach assumes that individu-

als for the sample of qualitative participants also should be individuals in the quantitative 

sample. It means that an unequal sample size between qualitative and quantitative data may 

provide a less accurate picture when both sets of data “may yield incomparable and difficult 

to merge findings” (Creswell 2014). Berquist et al. (2019) argued that longitudinal meas-

urements of IEQ parameters and perceived occupant comfort surveys should be conducted 

simultaneously to get more reliable results. The study presented a novel method that com-

bined continuous IEQ measurements over an extended period. Using electronic survey de-

vices provided hundreds of unique data points to assess occupant comfort and its relation-

ship with IEQ simultaneously. 
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3 Methodology 

This chapter describes the data gathering and analysis process used in this research study. 

The first section describes the school analyzed in this research. The second section presents 

the methods used to collect IEQ parameters and occupant health symptoms data in the 

school. These methods involved using objective and subjective approaches. The third sec-

tion describes the methods used to analyze the collected data. Each of these sections is 

presented below. 

3.1 School Characterization 

The research method used a holistic and integrated approach focused on the improvement 

of building envelope and heating, ventilation, and air-conditioning system (HVAC). Thus, 

the assessment of indoor air quality (IAQ) in the schools was composed of four main parts: 

1) school building inspection, 2) physical measurements, 3) subjective evaluations, and 4) 

data processing and recommendations. It is important to note that before the start of this 

research project, we obtained approval from the Education/Nursing Research Ethics Board 

(ENREB) to conduct the measurements in Sagkeeng First Nation school.  

3.1.1 School Selection 

The Sagkeeng junior high school was selected for a number of reasons. First, the school 

had high energy bills and occupants’ complaints about indoor environmental quality. Sec-

ond, the school was easy to access due to its close location to the University of Manitoba. 

Participation of the Sagkeeng elementary school was voluntary and was acquired through 
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the Chief and Council and of the school principal at the time: Mr. Garry Swampy.   

3.1.2 School characteristics 

The Sagkeeng junior high school is located on the territory of Sagkeeng First Nation.  The 

Sagkeeng First Nation is an Anishinabe First Nation who inhabit land on the east of Lake 

Winnipeg, 120 kilometers north of Winnipeg (Manitoba). Figure 1 shows the views of the 

school from the Provincial Trunk Highway 11 along with the top-down view of the school 

and its surrounding.  

  
 

Figure 1 Sagkeeng Junior High School (Google maps, 2020) 

The Sagkeeng junior high school is a one-floor building without a basement constructed in 

2003. The building area is 4,155 m2. The orientation of the building is 28° to the west of 

true north. As presented in Figure 2, the school complex is comprised of a circular central 

block (rotunda) that connects the west and east wings with the common entrance area. The 
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roof form and centralized layout of the building reflect an Indigenous architectural prece-

dent. The building structure is made of reinforced steel; parts of the construction were done 

in exposed brickwork (see Figure 3). The school windows are wooden, framed, and double-

glazed.  

Table 1 Sagkeeng junior high school constructions and materials 

Construction type Constructions and materials 

Exterior wall  

 

  - 100mm x 200mm x 400mm full split-faced 

concrete block and 100x100x400 giant brick 

- masonry ties 

- 25mm air gap 

- 75mm polyisocyanurate insulation  

- Air/vapor barrier  

-13mm O.S.B. sheathing 

-92mm steel studs@400mm 

-16mm F.R.G. to 2440 AFF 

-16mm GWB from 2440 to U/S roof deck 

Exterior wall   - 100mm x 200mm x 400mm full split-faced 

concrete block and 100x100x400 giant brick  

- masonry ties 

- 25mm air gap 

- 75mm polyisocyanurate insulation  

- Air/vapor barrier  

-190mm concrete block 

Exterior wall  

 

 - stucco  

- sheathing paper 

- metal channels horizontal 

- 75mm polyisocyanurate insulation 

- Air/vapor barrier  

-92mm steel studs@400mm/152mm steel 

studs around rotunda only 

-16mm F.R.G. to 2440 A.F.F. 

-16mm GBW from 2440 to U/S roof deck 

Exterior wall  

 

 - stucco 

- sheathing paper 

- 13mm O.S.B. sheathing 

- 38x140 wood studs 

-16mm F.R.G.  

Interior wall  

 

 - 16mm F.R.G. on both sides to 2400 A.F.F.   

- 16mm GWB from 2400 to U/S deck, both 

sides 

- 152mm steel studs@400mm O/C 

Use 92mm steel studs@classroom to 

classroom demising walls 

- 90mm fiberglass insulation 
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Interior wall  

 

 - 100mm concrete block to 100mm above a 

ceiling 

Interior wall  

 

 - 16mm GWB-office side 

- 152mm steel studs@400mm O.C. 

- 16mm F.R.G.-vestibule/corridor side 

Interior wall  

 

 - 16mm GWB or F.R.G. 

- 64mm steel studs@400mm O.C. 

Interior wall  

 

 - 16mm Type “X” F.R.G both sides 

- 92mm steel studs@400mm O.C. 

- 90mm fiberglass insulation 

Interior wall  

(Elders area) 

 

 - 16mm GWB 

- 92mm steel studs@400mm O.C. 

- 13mm plywood 

- 16mm GWB 

Interior wall  

(Rotunda) 

 - 100x200x400 colored concrete block 

-100x200x400 full-face split concrete block  

- 152mm steel studs@400mm O.C. 

- 92mm steel studs@400mm O.C. 

- 16mm GWB 

Interior wall  (Elders 

area) 

 - fiberglass panels  

- 38x89 wood studs@300mm O.C. 

Roof  

 

 - 22 GA, metal standing seam roof panel 

- thermal spacer 

- sheathing paper 

- 150mm DP metal sub-girts, GA to suit 

snow loads 

- 2 layers R.S.I. 3.5 extruded polystyrene 

insulation, max depth 150mm 

- air/vapor barrier  

- 13mm exterior grade GWB mechanically 

fastened to roof deck 

- metal roof deck 

-O.W.S.J.(except rotunda roof) 

-wood trusses (only for rotunda roof) 

Roof  (change 

building) 

 - 22 GA, metal standing seam roof panel 

- building paper 

-pre-fab wood trusses 

-RSI 8.4 batt insulation 

- 6 mil poly v.b. 

-16mm F.R.G. 

Floor Mezzanine 

level  

 

 - 87mm reinforced concrete topping 

-38mm metal decking 

-O.W.S.J. or channels 

Floor  - 125mm reinforced concrete structural slab 

-6mm poly 

- 6mm hardboard 

-150mm void form 

-granular base 
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Floor Mezzanine 

level  

 - 38 mm deep steel bar grating 

- channels/beam supports 

 

The electric lighting installations in the school were technically obsolete (i.e. outdated) 

thus saved off the light but caused high electricity consumption. The hydronic radiation 

floor system served by two electric boilers delivers heat to the classrooms, whereas the air 

handling units provide occupants with fresh air. The school served approximately 250 stu-

dents in both elementary and secondary grade levels. The school has 23 classrooms, two 

nurseries, and two kindergartens. Furthermore, Figure 4 shows one of the typical elemen-

tary classrooms in the school. Classes went from 8:30 to 15:45 on weekdays with 40-mi-

nute classes, a 15 minutes break, and a 1-hour lunch break. 

 

  

 
 

Figure 2 Sagkeeng Junior High School entrance and layout  
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Figure 3 Sagkeeng Junior High School South-West wall 

 

 

Figure 4 Typical classroom in the school 
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3.2 Data Collection 

3.2.1 School building inspection 

Inspection of the school building included visual observation of indoor and outdoor condi-

tions as well as the collection of building operations, and maintenance information. Visual 

inspection using walk-through surveys helped us identify classrooms to monitor, detect 

any visible mold and moisture-damage, and verify building construction and ventilation 

system characteristics. Furthermore, visual observation helped detect external and internal 

factors that influence the IEQ of the school. In this regard, external factors included the 

school’s geographical location, surroundings, disposition, and exterior envelope condi-

tions. Internal factors of the school building included the layout and position of the class-

rooms and other premises, damages to the building envelope such as cracks, leaks, and 

mold, mechanical and electrical systems, including heating, ventilation, and air-condition-

ing (HVAC), hot water, and lighting.  

 

Furthermore, meetings with the building operation and maintenance personnel enabled the 

gathering of information related to building system operations, maintenance practices, and 

any problems they have with the building systems. The research included collecting as-

built drawings of the school. Visual inspection coupled with information provided by the 

school principal and building manager enabled the selection of the classrooms where IEQ 

physical parameters were monitored.  

3.2.2 Weather parameters 
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The Sagkeeng junior high school is located in climate zone 7 A, as defined by the American 

Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE 90.1, 2016). 

Climate zone divisions are determined by degree days, including heating degree days 

(HDD) and cooling degree days (CDD). Thus, HDD is used for the calculation of a build-

ing’s heating energy requirements, and they are a measure of how much in degrees, and 

for how long in days, the outside air temperature was lower than a specific “base tempera-

ture” (usually 18 ⁰C). On the other hand, CDD is used for calculations of a building’s cool-

ing requirements, and they are a measure of how much in degrees and for how long in days, 

outside air temperature, was higher than a specific base temperature (usually 18 ⁰C).  

 

Climate zone 7 A is characterized as a cold and moist climate with between 5000 to 5999 

HDD. Victoria Beach is the closest weather station to the Sagkeeng school. The 

CWEC.epw weather file contains 12 typical meteorological months composed of hourly 

weather data records that are selected from a 30-year database of Canadian Weather Energy 

and Engineering Datasets to predict the average heating and cool loads in buildings 

(NRCan 2014). Furthermore, Figure 5 shows CWEC’s monthly maximum, minimum, and 

average outdoor air dry-bulb temperatures along with relative humidity (RH) and solar 

radiation for the Victoria Beach area. As illustrated, the area is under high seasonal outdoor 

air temperature fluctuations and elevated average RH throughout the year. Thus, the school 

experiences temperature and RH variations ranging from +32 ⁰C in summer to -39 ⁰C in 

winter, and from 66% in April to 84% in November, respectively. Moreover, because of 

the cold and long winter season (e.g., five months with below 0 ⁰C average outdoor air 

temperatures) and school year period from September to June, the school has significantly 
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higher heating than cooling needs.  

 

Figure 5 Monthly outdoor air dry-bulb temperatures, RH, and solar radiation  

3.2.3 The objective approach 

Physical measurements were conducted through continuous monitoring of three physical 

parameters that impact the building’s indoor environmental quality and energy consump-

tion from November 17th, 2017, until December 5th, 2018: indoor air temperature, relative 

humidity (RH), and carbon dioxide (CO2) concentration. The first round of data collection 

included data from 11/17/17 to 03/26/18 while the second round - from 03/26/18 to 

12/15/18.  The first round covered 11 classrooms, whereas the second covered only 10 

classrooms (due to a missing device).  

 

The HOBO MX1102 loggers presented in Figure 6 were used to measure the three physical 
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parameters at 15‐minute intervals. This measurement frequency required downloading the 

data every three to four months and the replacement of the battery every six months. Before 

the deployment, the loggers were calibrated and synchronized according to the manufac-

turer's recommendations to ensure accurate monitoring (Hobo Loggers and Sensors, 2020). 

The accuracy of the temperature sensor is ±0.21°C from 0° to 50°C. The accuracy of the 

RH sensor is ±2% from 20% to 80% and ±6% below 20% and above 80%. The accuracy 

of CO2 is ± 50 ppm from 0 to 5,000 ppm.  

 

 

Figure 6 HOBO MX1102 Logger used for the long-term measurements at the school 

Initially, in total, 12 classrooms, six in the East, and six in the West wing were selected for 

monitoring based on the following limitations and criteria. First, the total number of log-

gers was defined based on the available budget. Second, the same quantity of classes in 

both wings ensured their equal representation. Classrooms were further selected based on 

their position and orientation to capture the conditions throughout the school.  Thus, chosen 

rooms consisted of those at the end, in the middle, and towards the center of the building. 

In particular, it was essential to capture rooms with the two external walls at the end of 

each wing to see whether they have lower air temperatures, due to the higher heat losses. 
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Likewise, it was critical to include classes towards the center of the building to investigate 

whether they have, on average higher temperatures, due to their proximity to the kitchen 

area. The loggers were also placed in the south and north-facing rooms to capture the im-

pact of the building orientation. At the end of the monitoring period, 10 out of 12 data 

loggers were returned from four classrooms (i.e., 120,  123, 126, and 129) in the West wing 

and six classrooms (i.e., 158, 163, 164, 166, 171, and 178) in the East wing. One data 

logger fell off the wall and broke, whereas the other went missing. Figure 7 shows selected 

classrooms, with red circles denoting returned loggers, and black-dotted squares lost ones.  

 

 

Figure 7 Location of the monitored classrooms  
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The standard EN ISO 7726:2001 provides methods for measuring the physical parameters 

of the thermal environments. According to this standard, the exact location of thermal 

measurements should represent the actual worker’s location in the space, that is their work-

stations. Therefore, the instruments should be placed at 1.7 m height when standing and at 

1.1 m height when sitting. The data loggers were placed in the classrooms by following the 

EN ISO 7726:2001 recommendations, with some modifications to make it practical for the 

classes with young children. Thus, data loggers were placed at 1.5 m to 1.7 m of height 

away from the children's reach, direct solar radiation, and external walls. It should also be 

noted that peoples’ evaluation of the thermal comfort in buildings is associated with both 

indoor air temperature and the temperature of surrounding walls and surfaces (EN 15251, 

2007). Figure 8 depicts the placement of the data loggers in some of the classrooms.  

 

   

   
Figure 8  Examples of data loggers in classrooms 
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The assessment of the hygrothermal performance of the building’s envelope using an in-

frared camera was conducted in the winter season of 2017-2018. Infrared thermography of 

the building envelope is a non-destructive test that can identify heat losses, air leaks, insu-

lation defects, and moisture accumulation (Cerdeira et al., 2011). Therefore, thermal im-

aging helped identify opportunities for the upgrade of the building envelope that could have 

a positive impact on both building energy performance and indoor environmental quality. 

The thermal heat camera used in this research was a Flir E60bx camera with an accuracy 

of ±2 ˚C or ±2%. The camera is shown in Figure 9. 

 

 

Figure 9  Flir E60bx camera 

 

3.2.4 The subjective approach 

This research used a group –administrated questionnaire to investigate respondents’ per-

ceptions of comfort and health. According to Bhattacherjee (2012), questionnaires provide 

a high response rate. In this regard, on November 17th, 2017, from 9:30 am to 10:30 am, 
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we brought together all respondents at the same time and asked each to complete it inde-

pendently. The questionnaire survey was anonymous and voluntary. Participants were in-

formed they were free not to answer questions they perceived uncomfortable. Due to the 

complexity of the developed questionnaire and challenges with surveying children, only 

teachers and staff (i.e., 56 people) completed the questionnaire. Furthermore, the sample 

should match the population thus reflecting key demographic variables such as age, gender, 

and ethnicity (Johnson and Christensen 2016). Therefore, the questionnaire results are lim-

ited to adults and are not relevant to children.  

 

School teachers had many complaints related to air quality and adverse health symptoms 

before this research took place. Therefore, they were motivated to provide accurate and 

thoughtful information related to IEQ issues of the school and their health issues. Further-

more, to obtain accurate and complete information from the respondents, we followed the 

guidelines provided by Johnson and Christensen (2016). In this regard, the questionnaire 

was designed to collect all the necessary information promptly and easily to minimize fa-

tigue or boredom when filling it out. Thus, the questions were mostly close-ended (i.e., 

choosing the answer from the list), and a few were open-ended to obtain additional IEQ 

related clarifications. In general, it took each respondent 30 min to an hour to fill out the 

paper-based questionnaire. Furthermore, before the distribution of the questionnaire, the 

research team clarified the aim and the objectives of the survey. If respondents did not 

understand specific questions, they asked for clarification from the research team.  

 

The questionnaire applied in the SINFONIA project (Kephalopoulos et al. 2014) was used 
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as a starting point for the development of our survey. The developed questionnaire con-

tained seven sections: 1) Demography, 2) School’s condition, 3) Indoor air quality, 4) Ther-

mal comfort, 5) Health Syndromes, 6) Lighting, 7) Acoustics. Appendix A shows the ques-

tionnaire used in this study.    

 

The “Demography” section included questions about teacher demographics (i.e., age range, 

gender); employment characteristics (i.e., number of years teaching, number of hours spent 

in the classroom, grades taught). The “School’s condition” section contained general ques-

tions related to teachers’ satisfaction or dissatisfaction with school conditions such as over-

all cleanliness, overall maintenance, and ventilation system. The votes for satisfaction with 

cleanliness, maintenance, and ventilation system were based on a seven‐point Likert scale, 

with 1 indicating very dissatisfied, 4 neutral, and 7 very satisfied. The “indoor air quality 

(IAQ)” section investigated IAQ in school premises. The votes for perceived air quality 

(i.e., stuffed air, dusty or bad) were based on a seven‐point Likert scale, with 1 indicating 

not a problem at all, 4 neutral, and 7 a significant problem. Teachers were also asked about 

aspects of the school environment potentially related to poor IAQ, including the presence 

of mold, moisture problems, and recognition of sources of poor IAQ in the classroom (i.e., 

washroom smells, dust, moldy or cellar-like odour, furniture, chemical substances, smok-

ing, and cooking).   

 

The fourth section related to thermal comfort. Teachers were asked to share their percep-

tions of indoor temperature, air humidity, and air movement. The votes for perceived in-

door air temperature were based on a seven‐point Likert scale, with 1 indicating cold, 4 - 
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neutral, and 7- hot conditions. The votes for perceived indoor RH, air movement, surface 

temperature were based on a seven‐point Likert scale, with 1 indicating very dissatisfied, 

4 neutral, and 7 very satisfied. 

 

The fifth section covered questions related to the presence of any health syndromes expe-

rienced during the working day. The health problem questions were focused on symptoms 

of the mucous membrane and the upper respiratory tract, such as nose congestion, mouth, 

throat, difficulty breathing and eye irritation symptoms, and neurobehavioral symptoms 

including headache, attention, dizziness, tiredness. Teachers were asked if they currently 

had asthma and about non-school based environmental factors potentially related to health 

outcomes (e.g., smoking). Next, teachers were asked about their satisfaction or dissatisfac-

tion with lighting quality. The final section covered questions related to noise levels and 

acoustics quality inside the building.  

3.3 Data Analysis 

Long-term measurements of indoor environmental parameters such as temperature, relative 

humidity, and CO2 were analyzed using charts, descriptive statistics, and box plots. Box 

plots showed the magnitude and variability of environmental parameters. 

 

For the analysis of questionnaire data, MS Excel has been used while the statistical analysis 

was conducted using Statistical Package for Social Science 25 (SPSS 25). If the respondent 

gave multiple responses to the question that did not have the option of multiple responses, 

these responses were not included in the analysis. Variables from the questionnaires were 
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assessed for normality using the Shapiro-Wilk test to ensure that non-parametric tests could 

be used on them.  For the most part, the data failed the normality test so non-parametric 

tests were used. In analyzing the statistics of the responses, Spearman rank correlation co-

efficient, The Mann-Whitney U test, and linear regression were applied to identify partic-

ular aspects of responses and relationships between physical measurements and question-

naire responses. Statistical significance was defined as p < 0.05.  

 

As the questionnaire data were nonnormal, the textbooks most frequently suggested using 

the Spearman rank correlation coefficient test (Bishara and Hittner 2012). Moreover, the 

previous research papers related to the evaluation of indoor environmental quality showed 

that the most popular measure of the correlation between occupant’s satisfaction with in-

door environmental quality parameters was the Spearman rank correlation coefficient test 

(Radwan 2014; Sadick 2018; Akom 2019).  

The Spearman rank correlation coefficient test was carried out using two-tailed signifi-

cance testing to assess the strength and statistical significance of relationships between:  

- Teacher’s satisfaction with various indoor environmental quality aspects; 

- Teacher’s self-reported health symptoms and environmental exposure to the 

school; 

- Teacher’s self-reported health symptoms and teacher's performance. 

 

Following examples in the literature (Bae, Martin, and Asoio 2020; Zuo and Malonbeach 

2017), the Mann-Whitney U test was used to assess the statistical significance of the dif-

ferences between two groups: males and females. For example, Bae et al. (2020) run the 
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Mann-Whitney U test to analyze how male and female student’s satisfaction levels differed 

across IEQ factors. This test is easy to conduct, simple to interpret and no assumptions 

required for normality or outliers (Ouf 2017). The statistical significance of the differences 

between males and females were examined with respect to: 

- Teacher’s satisfaction with every indoor environmental quality aspect (i.e., indoor 

air quality, thermal comfort, lighting, and acoustics). 

 

Univariate linear regression was performed to predict the effects of T, RH, and CO2 on the 

likelihood that participants have SBS. Univariate linear regression focuses on determining 

relationships between one independent (explanatory) variable and one dependent variable. 

It is more appropriate to use linear regression when the relationships between the two var-

iables are linear (Ouf 2017).  

Table 2 summarizes the specific research questions answered through the research and the 

statistical tests used to answer these questions. 

 

  Table 2 Research questions and statistical analysis used for the answers 

Research Questions  Statistical Tests  

How do the schools’ physical measurements such as temperature, 

relative humidity, and carbon dioxide compare with recom-

mended values? 

Descriptive statistics (Maxi-

mum, Minimum, Standard 

deviation, and Mean values) 

Are there statistically significant differences in satisfaction with 

IAQ, thermal comfort, lighting quality, and acoustics quality 

across genders? 

Mann-Whitney U test 

Are there statistically significant correlations between satisfac-

tion with IAQ and classroom characteristics? 

Spearman's Rho  

correlation test   

Spearman's Rho  
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Are there statistically significant correlations between satisfac-

tion with IAQ, thermal comfort, acoustic quality, and teacher's 

performance 

correlation test   

Are there statistically significant correlations between satisfac-

tion with lighting quality, glare and reflection, and use of day-

lighting 

Spearman's Rho  

correlation test   

Are there statistically significant correlations between satisfac-

tion with lighting quality, glare and reflection, and the need for 

lighting control 

Spearman's Rho  

correlation test   

Are there statistically significant correlations between satisfac-

tion with lighting quality, glare and reflection, and teacher's per-

formance 

Spearman's Rho  

correlation test   

Are there statistically significant correlations between satisfac-

tion with acoustics quality, quality of speech communication, 

and different sources of noise 

Spearman's Rho  

correlation test   

Are there statistically significant correlations between satisfac-

tion with acoustics quality, quality of speech communication, 

and teacher's performance 

Spearman's Rho  

correlation test   

Are there statistically significant correlations between self-re-

ported health symptoms and teachers' performance 

Spearman's Rho  

correlation test   

Are there statistically significant correlations between self-re-

ported health symptoms and environmental parameters in the 

school 

Spearman's Rho  

correlation test   

Are there statistically significant associations between the physi-

cal measurements data (temperature, relative humidity, and CO2) 

and teachers' self-reported health symptoms 

Linear 

Regression 
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4 Results and Discussion 

This chapter presents the results of the data analysis. The first section focuses on the results 

of the physical measurements of temperature, relative humidity, and carbon dioxide (CO2). 

The chapter further discusses the main findings of the physical measurements using de-

scriptive statistics and Spearman’s rank correlation coefficient test. The second section fo-

cuses on the findings of the questionnaire, including the results of the correlation regarding 

the occupants' perception of IEQ obtained through the Spearman’s rank correlation coeffi-

cient test and the Mann-Whitney U test. The third section describes the associations be-

tween indoor air quality, thermal comfort, and health symptoms among teachers based on 

the results obtained by using the Spearman rank correlation test and linear regression re-

sults. The final section presents the results of thermal imaging.  

4.1 Objective measurements  

4.1.1 Temperature 

Figure 10 depicts the mean monthly indoor air temperature in the classrooms of the school 

for the observed period and recommended values by ASHRAE standard 55 (20°C -24.5°C). 

The values of indoor air temperature are shown for occupied hours from 8:30 am to 4:00 

pm on weekdays: Monday to Friday.  
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Figure 10 The mean monthly indoor air temperature. Red lines represent the lower (20°C) 

and higher (24.5°C) reference levels.  

 

Table 3 summarizes the measured temperature values for 9 classrooms. Mean, maximum 

and minimum values of indoor air temperature were calculated during the workday from 

8:30 am – 4:00 pm. 
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Table 3 Descriptive statistics of indoor air temperature  

  Mean (⁰C) SD (⁰C) 
 Fall Winter Spring Summer Fall Winter Spring Summer 

120 20.1 18.9 20.7 24.5 2.1 2.0 3.3 1.5 

123 21.5 20.4 21.0 24.8 1.6 1.8 2.7 1.4 

126 21.7 20.6 21.3 24.9 1.6 1.9 2.6 1.5 

171 23.0 24.2 22.6 26.0 2.5 4.5 3.2 1.5 

178 22.9 23.7 22.2 25.1 2.1 4.0 2.9 1.0 

158 22.5 22.4 22.8 24.5 1.3 2.0 2.1 1.2 

163 21.2 21.0 20.9 24.9 1.8 2.1 2.8 1.2 

164 21.5 21.0 20.9 24.9 1.9 2.3 3.0 1.2 

166 20.0 19.1 19.8 24.6 2.5 3.3 3.6 1.6 

  Min (⁰C) Max (⁰C) 

120 13.7 13.0 9.9 20.9 25.0 22.5 30.7 27.8 

123 16.2 15.0 12.8 19.6 25.1 24.7 27.6 28.5 

126 16.6 15.5 14.3 22.0 26.0 25.6 28.0 28.5 

171 16.1 14.7 13.4 21.5 29.9 35.1 29.9 30.5 

178 15.6 13.7 14.0 22.0 28.9 32.9 28.3 27.4 

158 18.4 14.9 17.1 21.4 25.8 26.3 27.9 27.1 

163 15.4 13.8 14.8 22.0 26.0 26.7 28.0 27.3 

164 15.4 13.7 13.2 21.9 26.4 29.5 28.2 27.3 

166 12.2 10.7 9.6 20.5 26.6 34.0 27.9 27.6 

 

Multiple factors contributed to the variation in indoor air temperature values. These include 

factors such as outdoor conditions, the orientation of rooms, and heating or cooling set-

tings. The results showed that an enormous variability in indoor air temperatures of all 

classrooms was observed during the year. Air temperatures as high as 35.1°C (winter sea-

son) and as low as 9.6°C (spring season) were recorded in the school during working hours. 

Fall and spring are mild seasons, and it is expected to have indoor air temperature in the 

comfort range. Nevertheless, the minimum and maximum values of indoor air temperature 

in all classrooms exceeded the maximum and minimum recommended values in the fall 

and spring seasons. However, mean values in the fall and spring seasons were within the 
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comfort range of 20°C-24.5°C except classroom 166. The mean values were outside that 

range in the summer months (i.e., June, July, and August). The school was unoccupied in 

July and August.  

 

During the monitoring, it came to light that indoor air temperature was unacceptable in 

classrooms 171 and 178 across the seasons due to overheating. Moreover, the highest var-

iance in the temperature range during the winter was observed in the same classrooms: 171 

and 178. Figures 11 presents the indoor air temperature in classroom 171.  

 

  

Figure 11 Chart of 15-minute interval indoor air temperature in classroom 171.  

 

Figure 12 depicts box plots of the temperature for each season measured during the survey 

in classroom 171. The blue lines and crosses inside each box represent the median (50th 

percentile) and mean values, respectively. The boxes' lower and upper limits are the 25th 

and the 75th percentiles, respectively. The whiskers mark the 10th and 90th percentiles, and 
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the data points show the extreme values. 

 

Figure 12 Box plots of indoor air temperature in classroom 171 

 

The temperature in classrooms 171 and 178 followed the same pattern: the highest temper-

ature point was over 30°C, and the lowest was less than 15°C. This may have had an impact 

on teachers’ thermal adaptation. Classrooms 171 and 178 are facing south and located 

closer to the center of the building. Both classrooms experienced excessive heating across 

the seasons, particularly during the winter and summer, as seen in Table 4. Mumovic et al. 

(2009), in their study of schools in England, described two south-oriented classrooms that 

were exceptionally warm in the winter due to solar gains. Wargocki and Wyon (2007) 

echoed the conclusion that high temperatures are quite common even in northern cold ar-

eas, as the classroom ventilation rate is too low to remove the excess from heat load caused 

by sunshine.  
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In contrast, some classrooms such as classrooms 166 and 120 experienced underheating. 

Both classrooms are facing north and located at the end of the wing. Classroom 120 is 

located at the end of the West wing while classroom 166 is located at the end of the East 

wing. These classrooms are colder than other classrooms based on the physical measure-

ments shown in Table 4.  

 

Figures 13 and 14 show, for each season, charts and box plots of the temperature measured 

during the survey in Classroom 120.  

  

Figure 13 Chart of 15-minute interval indoor air temperature in classroom 120 
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Figure 14 Box plots of indoor air temperature in classroom 120 

 

The results of the evaluation of the temperature compliance percentage with the reference 

values are presented in Table 4. If the indoor air temperature was below 20°C, we assumed 

that the classroom experienced underheating. If it was above 24.5 °C, we considered it was 

overheating. 

 

Table 4 Compliance (°C) with the ASHRAE standard for indoor air temperature (occupied period) 

  Underheating Overheating 
 Class-

rooms Fall Winter Spring Summer Fall Winter Spring Summer 

120 49.8 73.4 37.1 0.0 0.9 0.0 11.0 50.0 

123 14.0 31.2 32.6 0.2 1.3 0.1 9.1 58.8 

126 12.9 30.8 29.6 0.0 3.0 0.5 11.4 56.0 

158 4.4 8.9 7.9 0.0 4.4 13.1 15.9 53.0 

163 27.2 31.6 44.9 0.0 4.1 3.6 11.8 64.2 

164 21.6 33.1 36.6 0.0 10.0 6.8 13.2 62.9 

166 55.9 70.9 56.5 0.0 5.7 5.1 11.8 56.4 

171 11.3 19.4 19.5 0.0 32.9 44.6 28.6 84.4 

178 8.9 17.5 29.2 0.0 23.7 42.0 16.2 72.9 
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The results of the physical measurements showed that the school classrooms experienced 

underheating and overheating during the year. These results were similar to the ones re-

ported in other studies (e.g., Almeida and De Freitas 2014; Järvi et al. 2018; Mumovic et 

al. 2009). Almeida and De Freitas (2014) reported that classrooms were thermally uncom-

fortable with temperatures below recommended levels.  Järvi et al. (2018) found that more 

than half of the classrooms in their study had a very high temperature in the winter season.  

 

These results pave the way for a discussion on how to control the temperature using the 

HVAC system inside the classrooms. The space-heating season lasts from mid-October to 

mid-April. Currently, the school cannot maintain a stable temperature and suffers from 

significant indoor air temperature fluctuations during the year. It seems reasonable to con-

clude that the school staff felt thermally uncomfortable with the indoor air temperatures 

that exceeded both upper and lower reference values. These findings were in line with the 

results of the questionnaire. The school staff pointed out that the biggest problem was over-

heating and underheating when the classrooms were occupied. Hence, sometimes teachers 

reported feelings “too cold” and “too hot” in the same classroom.  

 

One of the critical components of the HVAC system is temperature sensors. These provide 

feedback about heating, and they can be used to monitor or control the heating process. 

Programming thermostats to perform setbacks when the temperature set point on the ther-

mostat is changed during unoccupied times could be one of the energy conservation 

measures to use (Angelon-Gaetz et al. 2015). One of the problems might be the placement 
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of sensors in the wrong place. The school had significant temperature variations, and one 

of the solutions was to define the optimality of sensor placement for efficient energy use. 

Furthermore, more than half of the school staff (i.e., 57%) explained they did not have the 

option to control or adjust the temperature using thermostats. Angelon-Gaetz et al. (2015) 

reported that older school facilities lacked temperature sensors in each room, limiting the 

ability to control the indoor environment. Moreover, school management reported high 

utility bills. This fact is consistent with Wang et al. (2014). They reported that an increase 

from 18°C to 20°C in the set temperature of space heating buildings could increase energy 

consumption by 4.5%. 

4.1.2 Relative humidity 

The amount of humidity in the air has a direct impact on thermal comfort, which in turn 

impacts the health of building occupants. According to ASHRAE Standards 62 (1999), the 

relative humidity should be maintained between 30% and 60%. Table 5 shows the percent-

age by which recorded relative humidity exceeded recommended levels. Low RH refers to 

the percentage of values that were less than 30% and High RH to the percentage of values 

that were more than 60%. 
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Table 5 Compliance (%) to ASHRAE standard for relative humidity (occupied period) 

  Low RH High RH 

  Fall Winter Spring Summer Fall Winter Spring Summer 

120 20.8 91.3 53.9 0.0 6.6 0.0 2.8 18.7 

123 24.8 94.5 62.7 0.0 2.0 0.0 2.5 10.0 

126 26.4 95.7 59.5 0.0 1.8 0.0 1.6 7.0 

158 25.3 96.3 67.0 0.0 3.6 0.0 1.5 4.1 

163 18.3 91.3 56.6 0.0 2.9 0.0 3.2 5.1 

164 20.6 92.7 52.2 0.0 1.6 0.0 2.8 6.6 

166 17.0 91.6 45.9 0.0 6.2 0.0 5.2 12.7 

171 41.0 98.7 70.4 0.0 1.6 0.0 0.0 2.5 

178 41.8 97.5 71.7 0.1 1.2 0.0 0.4 2.6 

 

These results demonstrated that the level of relative humidity when the classroom was oc-

cupied had not reached the lower end of the recommended value of 30% in the winter 

season. More than 90% of records in all surveyed classrooms were out of the recommended 

range.  Spring season was also characterized by non-compliance with the lowest reference 

value, as the relative humidity was relatively low. RH levels did not go below the lower 

reference RH value (less than 30%) in the summertime as the relative humidity values 

elevated and mostly were inside the recommended level. However, the school was unoc-

cupied for an extended period. Fischer and Bayer (2001) recommended avoiding high hu-

midity levels in the school facilities to prevent microbial infestation.  

 

Figure 15 depicts the mean relative humidity levels in 9 classrooms. The red lines represent 

the lower (30%) and higher (60%) reference levels by ASHRAE. 
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Figure 15 Average level of humidity in 10 classrooms 

 

Figure 15 showed that RH mean values in the classrooms during the winter were lower 

than 30%. Winter is cold and dry in Manitoba, and, respectively, the indoor air is typically 

dry. The relative humidity tends to be relatively low in wintertime in buildings heated to 

comfortable temperatures in Canada (Hutcheon, 1960). RH mean values were less or close 

to the lowest reference value in April, staying within the recommended level during the 

summertime and going down in November. The average humidity level in the classrooms, 

being less than 30% in winter and the first two months of spring seasons, significantly 

affect the health of occupants causing sick building syndrome (SBS). This is because hu-

midity affects the rate of water evaporation in the air and the balance of energy inside the 

body and, therefore, the thermal comfort of human beings (Fischer and Bayer 2001). 
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Table 6 illustrates the descriptive statistics of relative humidity measurements. Thus, the 

lowest relative humidity value of ~1% was found in 3 of the 10 observed classrooms during 

the winter. The highest value was 75.4% in the summer season. 

 

Table 6 Descriptive statistics of relative humidity measurements (occupancy period: 8:30 am – 4:00 

pm) 

  Mean (%) SD (%) 
 Fall Winter Spring Summer Fall Winter Spring Summer 

120 43.0 18.0 31.5 54.6 12.1 7.8 11.2 6.6 

123 38.9 16.7 30.5 52.4 11.3 7.8 10.8 6.6 

126 38.9 16.8 31.0 52.3 11.3 7.9 10.5 5.8 

171 33.2 11.8 26.6 48.8 12.5 7.5 11.1 5.3 

178 32.9 11.3 26.6 50.7 12.2 7.6 11.9 5.2 

158 38.0 14.6 28.2 53.2 12.6 7.3 12.1 4.3 

163 40.5 17.6 31.8 53.3 10.7 8.0 11.3 4.6 

164 39.3 16.6 32.2 53.3 10.6 8.0 11.1 4.6 

166 42.2 17.0 33.7 55.2 11.6 8.9 11.4 4.5 

  Min (%) Max (%) 

120 10.7 5.5 14.7 36.2 72.6 42.9 69.6 72.7 

123 9.7 3.8 15.5 35.6 68.7 38.5 68.8 72.6 

126 8.5 2.9 15.0 38.2 66.7 38.5 65.1 75.4 

171 7.7 0.7 7.8 34.4 65.9 37.3 58.8 68.1 

178 8.0 0.4 8.1 29.3 65.4 36.3 61.1 63.6 

158 11.0 2.2 8.6 35.9 68.8 43.5 68.3 63.8 

163 14.0 4.1 14.9 38.6 66.7 39.7 68.3 67.5 

164 13.4 2.6 15.6 42.8 67.0 40.5 67.3 65.6 

166 13.9 0.3 16.6 42.2 69.8 46.0 68.6 72.0 

 

Figure 16 depicts the temperature and relative humidity in the winter season for classroom 

178.  
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Figure 16 Indoor air temperature and relative humidity values in classroom 178 in the winter season 

 

Figure 16 showed that the lowest relative humidity values were mostly observed when the 

temperature range in this classroom was between +28 - 32°C. Classrooms 171 and 166 

followed the same pattern as Classroom 178 while their maximum temperature was over 

32°C. These results are in line with Järvi et al. (2018), who also reported that the lowest 

measured value was too low, e.g., 3,2% in their study of Finnish schools in the winter 

season. Jarvi et al. (2018) explained the phenomena of extremely low humidity, particu-

larly in the wintertime that indoor temperatures are often too high during the heating season 

and mechanical ventilation desiccates indoor air. Classrooms in buildings that were built 

before the year 2004 had a higher risk of having RH less than 30% compared to younger 

buildings. This is because older HVAC systems may have been designed to dehumidify 

the school building as much as possible without concern about the possible health effects 
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of extremely low humidity (Angelon-Gaetz et al., 2015). Another reason for the inability 

of designed HVAC systems in school facilities to manage space humidity effectively was 

quoted by Fischer and Bayer (2001) is the tight budget and capital allocated to mechanical 

equipment. This has led 20% of surveyed schools in the US to suffer from poor IAQ, and 

36% to have “less than adequate” HVAC systems (Fischer and Bayer 2001). 

4.1.3 CO2 measurements 

According to ASHRAE Standards 62.1-2016, CO2 concentration should be 700 ppm above 

outdoor CO2 levels (300-500ppm). Table 7 shows the percentage by which monitored CO2 

concentrations exceed the limits from reference standards (>1000 ppm) during the occupa-

tional period.  

 

Table 7 Exceedance (ppm) to ASHRAE standard for values of CO2 (occupied period) 

   

  Fall Winter Spring Summer 

120 63.7 56.9 46.2 2.3 

123 62.8 57.8 46.2 3.8 

126 57.5 60.7 56.5 5.4 

158 61.7 50.0 50.7 9.6 

163 56.4 51.9 49.8 12.2 

164 64.6 51.8 55.5 12.3 

166 53.3 43.1 60.3 15.7 

171 31.7 25.6 35.9 7.0 

178 35.7 30.3 32.7 9.9 
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Comparison with ASHRAE standards showed CO2 concentrations exceeded the recom-

mended range frequently during the occupational period but less in the summer season. 

The lowest carbon dioxide concentrations were recorded in Classrooms 171 and 178. 

 

The mean CO2 concentration values are depicted in Figure 17. In general, the mean values 

of CO2 were not higher than 1,400 ppm in the surveyed classrooms. 

 

 

Figure 17 Mean values of CO2  

 

The variations of CO2 concentrations in selected classrooms during school working hours 

are shown in Table 8. 
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Table 8 Descriptive statistics of CO2 measurements (occupancy period: 8:30 am-4:00 pm) 

  Mean (ppm) SD (ppm) 
 Fall Winter Spring Summer Fall Winter Spring Summer 

120 1185 1032 959 550 485 434 403 148 

123 1137 1061 957 555 430 444 383 170 

126 1120 1111 1065 580 442 482 452 189 

171 930 804 906 589 481 268 394 212 

178 949 829 860 627 406 275 349 291 

158 1170 990 1053 601 521 430 478 248 

163 1151 1044 1089 615 529 492 530 305 

164 1190 1009 1097 622 512 443 505 299 

166 1159 918 1171 649 575 395 538 344 

  Min (ppm) Max (ppm) 

120 358 337 292 392 2932 2208 2233 1461 

123 378 388 355 349 3268 2252 2074 1548 

126 388 362 350 357 2947 2550 3338 1703 

171 316 383 356 375 3558 1867 2845 1947 

178 319 388 342 396 2727 1561 2340 2738 

158 370 345 357 381 3614 2336 3154 2310 

163 369 342 375 371 3448 2290 3303 2418 

164 379 377 366 367 3637 2630 3461 2471 

166 363 347 381 363 3412 2216 3152 2439 

 

The present study found high CO2 concentrations in classrooms during the occupied period; 

however, the mean concentration values of CO2 in all classrooms were close or less than 

the level recommended by ASHRAE. The highest CO2 concentrations where values greater 

than 3,600 ppm in the fall season, 2,300 ppm during the winter, and 3,100 ppm in the spring 

were recorded in Classrooms 158 and 164. The records of CO2 concentrations showed that 

the highest peak was observed at 3,637 ppm in Classroom 164. The high concentrations of 

indoor CO2 represent a significant problem for the school’s indoor environmental quality 

(Vilcekova et al., 2017).  Asif et al. (2018) assumed that the accumulation of CO2 at such 

high levels indicates a possible buildup of pollutants that needs to be further investigated.  
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Air refreshment depends on the teacher's ability to perceive the quality of the indoor air 

and to take necessary measures, such as opening a window for natural ventilation 

(Theodosiou and Ordoumpozanis 2008). The largest values of CO2 in all classrooms were 

observed in the fall season. About 45% of teachers opened windows in the school in the 

fall season for more than three hours. The fall season could be cold in Manitoba with an 

outside temperature falling below zero, and not all teachers were willing to open windows 

to let cold air inside. The other reason not to open windows during the fall was dusty or 

smelly odour (see Table 19). Figure 18 shows the variations of mean CO2 values inside the 

three classrooms (i.e., 164, 178, and 123) from 8.30 am to 4 pm in the fall season. The 

results indicate that CO2 concentrations fluctuated during school hours, accumulating to-

wards mid-day, and gradually decreasing by the end of the day.   

 

 

 

Figure 18 Variations of indoor CO2 concentrations in the atmospheres of classrooms 164,178 and 

123 at the occupied hours (8:00 am – 4:00 pm) measured for the fall season 
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The concentration of CO2 decreased after school time and reached approximately 500 ppm 

in the morning (as seen in Figure 19). 

 

 

Figure 19 Variations of indoor CO2 concentrations in the atmosphere of classrooms 164, 178, and 

123 at the unoccupied hours (00:00-7:59 am and 4:00 pm – 11:59 pm) for the fall season 
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CO2 levels above recommended levels are usually registered in the school classrooms. Tu-

ranjanin et al. (2014) reported that measured indoor CO2 concentrations in five Serbian 

schools exceeded 1,000 ppm in over 50% of the occupied time, and CO2 concentration 

reached a maximum value of about 3,600 ppm. Smedje and Norbäck (2000) studied CO2 

in 181 classrooms in 40 schools in Sweden.  They observed CO2 concentrations > 1,000 

ppm in 40% of classrooms, with a mean CO2 concentration of 950 ppm. Levels of CO2 

greater than 1,000 ppm generally indicate inadequate ventilation (Corsi, Torres, and 

Sanders 2002). Corsi et al. (2002) reported that the reasons for insufficient ventilation vary 

considerably from school to school and even from classroom to classroom.  

 

These high levels of CO2 in the school could be associated with poor building design, the 

absence or insufficient use of ventilation provisions, or occupation density higher than that 

expected in the ventilation system design phase (Griffits and Eftekhari 2008; Amouei et al. 

2019). Moreover, the concentrations of CO2 below 1,000 ppm do not always mean that the 

ventilation rate is adequate for removing air pollutants from other indoor sources 

(Seppänen 1999). It is difficult to adequately analyze indoor CO2 concentrations as they 

are a function of occupancy and ventilation rate (Daisey et al. 2003). During the long-term 

measurements of CO2 concentrations, knowing the ventilation rate is needed to evaluate 

indoor CO2, and its impact on health and performance.   

4.2 Questionnaire 

4.2.1 Participant characteristics 
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A total of 56 teachers participated in the survey. The vast majority of the participants 

(⁓77%) were females, and 23% were males (as shown in Table 9). One teacher worked 

only in the fall, and winter seasons so did not answer questions related to the spring season. 

Of the entire population of 56 surveyed teachers, 56 completed the survey resulting in a 

total response rate of 100%. The response rate related to questions of the survey is provided 

in Appendix 1. 

 

Table 9 Participant characteristics 

 

 

Characteristics 
Number Percent (%) 

Female 43 77 

Male 13 23 

Hours spent in classrooms >=30 h/week 33 59 

Years working in school >=3 years 36 64 

   

 

The current study showed that approximately 59% of respondents worked over 30 hours 

per week, while more than two-thirds had worked for more than three years at this school. 

As a result, the responses of the participants are based on a considerable amount of time 

spent in the school throughout different seasons (the fall, winter, and spring). Furthermore, 

several studies reported that females were less satisfied with room temperature, preferred 

higher temperature, and felt both uncomfortably cold and uncomfortably hot more often 

than males (Cena and de Dear 2001; Parsons 2002; Karjalainen 2007). In contrast, other 

studies discovered relatively small differences regarding preferred indoor air temperature 
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and thermal comfort between males and females (Parsons 2002; Fanger 1970). These con-

trasting findings reinforced the need to include the gender of the respondents as one of the 

variables in the analysis.  

4.2.2 Indoor Air Quality 

The answers to the question “How are you satisfied/dissatisfied with IAQ in the classrooms 

you use the most?” were overwhelming.  Many teachers (~70%) found poor indoor air 

quality to be the most significant problem in the school. 

 

 

Figure 20 Satisfaction with IAQ 

 

From 11% to 15% of respondents expressed different satisfaction levels with IAQ across 
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spring (34%) to ‘very dissatisfied’ in fall (16%), winter (14%), and spring (14%). These 

results were in line with the ones reported in the literature. A study by Schneider (2003) 

who surveyed two large school districts showed that most teachers reported “fair” to ”poor” 

IAQ in schools. In the United States, 18% of schools rated their IAQ as unsatisfactory, and 

26% rated their ventilation as inferior (U.S. Department of Education, 2000). On the other 

hand, in two other studies, 69% of teachers rated their IAQ in the school as good (Lin et 

al. 2017) and 100% of teachers in the survey by Vilcekova et al. (2017) as acceptable.  

 

The Mann-Whitney U test was run to test whether satisfaction with indoor air quality dif-

fered between genders (Table 10). 

 

Table 10 Cross-tabulation of IAQ with gender  

 

Sea-

son 

Gen-

der 

Satisfaction with indoor air quality 
U 

(value) 

 p-

value 
Mean 

1 2 3 4 5 6 7    

Fall Male 0 3 2 5 3 0 0 172.5* 0.033 3.62 

 

Fe-

male 
9 10 13 6 3 2 0 

  
2.77 

Win-

ter 
Male 0 2 3 6 2 0 0 147.5* 0.008 3.62 

 

Fe-

male 
8 13 13 5 3 1 0 

  
2.65 

Spring Male 0 2 3 5 2 0 1 148.5* 0.009 3.85 

  
Fe-

male 
8 10 16 5 3 1 0     2.72 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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The Mann-Whitney U test detected statistically significant associations between gender 

and satisfaction with indoor air quality (p-value>0.05). The results of the test showed that 

females were less satisfied than males with indoor air quality during the fall, winter, and 

spring seasons. The mean satisfaction level for females is between 2.65-2.77, which is 

lower than ‘slightly dissatisfied’ while the level for males is 3.62-3.85, which is almost 

‘neutral.’ Approximately, 74 to 79% of female participants expressed feeling 'very dissat-

isfied' to 'slightly dissatisfied' across the seasons, and 21% to 26% of them felt 'neutral' to 

'very satisfied' with IAQ of the school (as seen in Figure 21).  

 

 

Figure 21 Satisfaction with IAQ by genders 

 

In contrast, 62% of male participants voted to feel from 'neutral' to 'very satisfied' with the 

IAQ of the school, and 38% of them felt from 'very dissatisfied' to 'slightly dissatisfied.' 
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This is in line with previous indoor climate studies that found, in general, females com-

plained more about indoor air quality than males (Stenberg and Wall 1995; Andersson et 

al. 2002; Reijula and Sundman-Digert 2004). 

 

Respondents emphasized indoor air issues such as stuffy, bad, or dusty air and complained 

about insufficient ventilation. Figure 22 illustrates the subjective answers of respondents 

to the question: “On average, how do you rate indoor air quality issues in the classroom 

that you use the most?”   

 

 

Figure 22 “Air smells bad”/“Air is stuffy”/“Air is dusty” votes 

 

With respect to indoor air issues, more than 60% of the teachers found them to be between 

‘not a problem at all’ and ‘moderately a problem’. The highest satisfaction was with “Air 
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smells bad” as 73% of respondents voted between ‘not a problem at all’ and ‘moderately’ 

during the fall. 38% of respondents expressed “Air is stuffy” as the biggest problem in the 

winter while 36% of them indicated that the “Air is dusty”  problem got worse in the fall 

compared to winter and spring seasons.  

 

It is obvious from the abovementioned analysis that odours and stuffy or dusty air appeared 

to be important IAQ problems experienced by teachers. 23% of teachers expressed their 

negative feelings, such as: “The air is very stuffy, dry. I have students that have nose bleed-

ing due to the air.”; “It is very stuffy, air circulation is bad,” “Stuffy,” “Super stuffy”.  

 

Table 11 shows the results of the Spearman Rho test used to investigate teachers’ satisfac-

tion with IAQ and their satisfaction with air odours.  

 

Table 11 Correlations between teacher’s satisfaction with IAQ and their satisfaction with indoor 

air issues: results of Spearman’s Rho test 

    IAQ 

  Fall Winter Spring  

 

Air smells bad R -0.326* -0.435** -0.201 

 p-value 0.015 0.001 0.141 

 

Air is stuffy R -0.299* -0.317* -0.233 

 p-value 0.026 0.017 0.086 

 

Air is dusty R -0.276* -0.356** -0.154 

  p-value 0.040 0.007 0.262 
 

*. Correlation is significant at the 0.05 level (2-tailed) 

**. Correlation is significant at the 0.01 level (2-tailed) 
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As shown in Table 11, statistically significant, negative correlations were found between 

“Satisfaction with IAQ” and “Air smells bad” in the fall (weak value) and winter (moderate 

value) seasons. Statistically significant weak negative correlations were found between 

“Satisfaction with IAQ” and “Air is stuffy” in the fall and winter seasons. Statistically 

significant weak negative correlations were revealed between “Satisfaction with IAQ”, and 

“Air is dusty” in the fall and the winter. The test did not reveal any statistically significant 

correlations between “Satisfaction with IAQ” and indoor air issues in the spring.  

 

Previous studies also showed evidence of frequently reported IAQ-related problems such 

as “stuffiness/dry air” (Vilcekova et al. 2017; Järvi et al. 2018; Turunen et al. 2013). 

Among pedagogical staff, 60% were concerned with stuffy (i.e., bad) air in the school and 

emphasized worse air on Monday morning than other times (Vilcekova et al. 2017).  Sim-

ultaneously, the complaint of “bad odour of air” was often associated with high CO2 levels 

(Daisey et al. 2003). Gordon (2010) also suggested that these odours could be due to high 

CO2 and total volatile organic compounds (TVOC) levels in classrooms.  

 

The survey’s data related to teachers' perception of relationships between IAQ and class-

room characteristics are summarized below. Participants were asked to rate their satisfac-

tion with the school's conditions, including cleanliness, overall maintenance, and perfor-

mance of the ventilation system. Table 12 shows the percentage of respondents’ satisfac-

tion with different aspects of the school’s conditions.  
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Table 12 Level of IAQ satisfaction  

 

  

Very dis-

satisfied 

Moderately 

dissatisfied 

Slightly 

dissatis-

fied 

Neu-

tral 

Slightly 

satisfied 

Moder-

ately sat-

isfied 

Very 

Satis-

fied 

Overall Cleanliness 

Fall 14% 14% 23% 21% 16% 7% 4% 

Winter 22% 16% 27% 16% 13% 4% 2% 

Spring 18% 22% 27% 18% 11% 2% 2% 

Overall Maintenance 

Fall 11% 9% 21% 30% 13% 11% 5% 

Winter 15% 9% 22% 24% 16% 11% 4% 

Spring 13% 9% 22% 25% 16% 11% 4% 

Ventilation System 

Fall 25% 14% 39% 13% 4% 2% 4% 

Winter 33% 15% 35% 13% 4% 2% 0% 

Spring 25% 20% 38% 11% 2% 2% 2% 

 

Approximately 27% of teachers were satisfied with the cleanliness of the school during the 

fall season, while in other seasons like the winter and spring, their satisfaction level signif-

icantly dropped. Concerning school maintenance, the votes related to the fall, winter, and 

spring seasons were consistent throughout the observed period. Respondents showed the 

same level of satisfaction with maintenance across all seasons. Teacher's perception of the 

ventilation system was more negative as many of them (~80%) were ‘slightly dissatisfied’ 
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to ‘very dissatisfied’ with it in the fall, winter, and spring seasons. Less than 10% of re-

spondents were satisfied with the ventilation system. 60% of teachers opened their win-

dows in the classroom. Over 45% opened their windows in the fall and 74% in the spring 

for more than three hours during a typical school day.  Due to the low outdoor temperature 

in the winter season, half of the teachers opened their windows for less than one hour; 24% 

of them kept the windows open for less than three hours, and only 15% for longer, thus 

resulting in low air change rates.  

 

A Spearman Rho test was conducted to examine the relationships between satisfaction with 

indoor air quality responses and classroom characteristics. As seen in Table 13, the test 

revealed a statistically significant, weak positive correlation between indoor air quality and 

school cleanliness in the fall and a statistically significant, moderate positive correlation in 

the winter. There was no correlation between indoor air quality and cleanliness in the spring  

season.  
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Table 13 Spearman rank correlation coefficients between satisfaction with indoor air quality and 

the classroom characteristics  

 

  
  IAQ 

    Fall Winter Spring  

Cleanliness R 0.274* 0.442** 0.219 

 
p-value 0.041 0.001 0.108 

Maintenance R 0.327* 0.395** 0.350** 

 
p-value 0.014 0.003 0.009 

Ventilation R 0.373** 0.625** 0.591** 

  p-value 0.005 0.000 0.000 

 

*. Correlation is significant at the 0.05 level (2-tailed) 

**. Correlation is significant at the 0.01 level (2-tailed) 

 

There are statistically significant, weak positive correlations between indoor air quality and 

maintenance in the fall, winter, and spring seasons. There are statistically significant, mod-

erate positive correlations between indoor air quality and the ventilation system in the win-

ter and spring seasons, while the correlation was statistically significant weak in the fall 

season.  

 

Cleaning and maintenance operations contribute to the source management of particles, 

chemicals, and bio pollutants (Franke 1997). According to Kielb et al. (2015), the quality 

of classroom housekeeping is associated with exposure to allergens and irritants. At the 
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same time, Allermann et al. (2003) found that the potency of the floor dust samples corre-

lated significantly with the prevalence of building-related symptoms.  Intense cleaning con-

tributes to the consistent decrease in particulate matter contamination (Heudorf, Neitzert, 

and Spark 2009). Previous studies (e.g., Franke 1997) also found that cleaning programs 

contributed to measurable improvements in IAQ by reducing airborne dust mass, TVOC’s, 

bacteria, and fungi.  

 

Maintenance is a mounting challenge for school authorities as the US Department of Edu-

cation has claimed that poor building conditions are mainly due to poor maintenance by 

school maintenance departments (Lavy and Bilbo 2009). Due to financial restrictions that 

the schools face, one of the reasons for having poor IAQ is the lack of maintenance and 

cleaning (Ekren et al. 2017). In this case, the ventilation system becomes a source of con-

tamination. Previous studies showed that a higher ventilation rate reduced the proportion 

of people dissatisfied with perceived indoor air quality (Bluyssen et al., 1996). Inadequate 

ventilation, which consists of existing indoor pollutants, was found in many classrooms 

(Daisey et al. 2003; Tortolero et al. 2002; Hou et al. 2015). Hou et al. (2015) asserted that 

CO2 levels above 3,000 ppm were not unusual in classrooms. The current study’s results 

of objective measurements showed that 30 to 60% of CO2 values were above 1,000 ppm 

in classrooms in the fall, winter, and spring seasons. Moreover, teachers left comments 

related to the ventilation system such as: “There must be an outside vent at classroom area 

because you can smell auto exhaust”, “Need to change furnace filters”, “Air filters and 

vents need cleaning”, “The heating & ventilation systems aren’t running properly, this 

needs to be addressed”. Maintenance and cleanliness of ducts and air filters is critical to 
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avoid the development of bad odours, microorganism’s growth, and chemical reactions 

that can result in the poor quality of supply air (Ianniello 2011).  

 

The Institute of Medicine (2000) discovered that odour from allergens and irritants could 

worsen or cause asthma or allergies (cited Kielb et al. 2015). The current study asked teach-

ers to determine the extent to which allergens, irritants, and different odours as primary 

sources of poor IAQ (Table 14). 

 

Table 14 Reported school characteristics related to sources of poor IAQ 

 

Sources of poor air quality Number Percent (%) 

Furniture smell 11 20% 

Smoking smell  5 9% 

Art supplies and equipment like printer 5 9% 

Outdoor pollution like dust which enters the building 32 57% 

Washrooms smell 45 80% 

Cooking 19 34% 

Chemical substances smell (like cleaners) 16 29% 

Visible signs of moisture damage 27 48% 

Mold or cellar-like odour 34 61% 

 

 

The vast majority of respondents (80%) found washroom smell to be the primary source 

of poor IAQ in the classrooms they used the most. Next, 61% of respondents reported mold 

and cellar-like odour, while 48% of them noticed visible signs of moisture damage in the 

school. Respondents commented on moisture problems as “Floors and base of wall had 

damp darkened areas” or “There is often the water in the crawl space that opens in the 

classroom which contributes to the moldy smell”. The possible reason for these findings is 
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the failure of the somp-pump system a couple of years ago, which caused the infiltration 

of water into the building. Although the somp-pumps have been replaced, the consequences 

of water infiltration were still present, adversely affecting the building's performance. A 

study by Kielb et al. (2015) found that moisture problems were reported only by over 20% 

of teachers, while previous studies found relationships between mold and excess moisture 

and building-related health symptoms in the school facilities (Smedje et al. 1996; Kielb et 

al. 2015; Ebbehoj et al. 2005). 

 

Additionally, the participants who noticed moldy/earthy/cellar-like odours were asked to 

specify the location of that unpleasant smell. Table 15 summarizes the respondents' an-

swers to this question.  

 

Table 15 Reported school places with moldy/earthy odour 

Location Number Percent (%) 

Classrooms 20 59% 

Gym 9 26% 

Bathrooms 26 76% 

Kitchen 1 3% 

Canteen 1 3% 

Offices 7 21% 

Basement 5 15% 

None 1 3% 

 

The most commonly reported places with moldy/earthy odour were bathrooms (76%) and 

classrooms (59%). Gyms and offices were reported by over 20% of teachers whereas 15% 

of them said this odour came from the basement.  
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Furthermore, 57% of the participants marked outdoor pollution to be a significant source 

of poor indoor air quality. Teachers commented on outdoor pollution as follows: “The air 

smells bad only when buses and tractors smell comes in the vent” or “There must be an 

outside vent at the classroom area because you can smell auto exhaust”. These results are 

not surprising considering overall dissatisfaction with the ventilation system and cleanli-

ness of the school. Lin et al. (2017) showed that one-third of surveyed teachers were quite 

disturbed by outdoor pollution (traffic), and 37% of them perceived air quality outside their 

school as not satisfactory. Kielb et al. (2015) found that over 10% of teachers complained 

about diesel exhaust. This exhaust contained a complex mixture of pollutants that can affect 

health.  

 

Chemical substances smell (e.g., cleaners) and furniture smell were identified by 29% and 

20% of participants, respectively, as the reason for poor IAQ. The odour from cleaners was 

reported by over 10% of respondents in the teacher survey by Kielb et al. (2015). Cleaning 

chemicals often contain VOCs and can thus have adverse health effects (U.S. Environmen-

tal Protection Agency, 2012).  

 

Approximately 9% of respondents complained about irritant smells related to art supplies. 

This is in line with the teacher's survey by Kielb et al. (2015), who showed that over 10% 

of teachers reported odours from art supplies. Moreover, teachers were asked about the 

frequency of using art supplies such as glue, paints, and other products with irritant smell 

by season (as per Table 16).  



85 

 

 

Table 16 Frequency of using art supplies such as glue, paint, and enamels with irritant odour 

 

 Never 
Once to 5 times 

a month 

5 times to 10 

times  a month 

More than 10 

times a month 

Fall 20% 59% 13% 6% 

Winter 17% 49% 22% 7% 

Spring 17% 54% 19% 6% 

 

Around half of respondents used art supplies once to five times per month. Only a few of 

them used it more than 10 times per month.  

 

Approximately a third of the participants identified cooking as the source of inadequate 

IAQ.  This may be because of the proximity of the kitchen to the classrooms, and because 

of poor ventilation. A very small percentage of respondents (⁓9%) reported allergens/irri-

tants such as smoking to be a source of unpleasant smell in the school. This was consistent 

with Kielb et al. (2015) who found that less than 10% of teachers reported the same issue. 

 

Furthermore, the results of the survey showed that IAQ affected occupants’ performance. 

In this regard, about 27% of school staff answered "yes" to a question enquiring about 

whether IAQ issues were affecting their ability to do work at school. Consequently, Table 

17 demonstrates the relationship between satisfaction with indoor air quality conditions 

and teacher's self-reported performance.  
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Table 17 Association between satisfaction with indoor air quality and the teacher's performance 

 

  
  Performance 

      Fall   Winter   Spring 

Satisfaction with IAQ R -0.663** -0.640** -0.561** 

  p-value 0.000 0.000 0.000 

 

**. Correlation is significant at the 0.01 level (2-tailed).  

*. Correlation is significant at the 0.05 level (2-tailed).  

 

As can be seen from Table 17, there are statistically significant, moderate negative associ-

ations between satisfaction with IAQ and the ability of teachers to do their work in the fall, 

winter, and spring seasons. This may mean that teachers’ dissatisfaction with indoor air 

quality in the classroom profoundly influences their motivation to perform their work. Pre-

vious studies asserted that raised levels of indoor air pollution can reduce productivity and 

can have adverse effects on comfort and health (Wyon 2004). Lin et al. (2017) showed that 

about10% of teachers declared that poor IAQ reduced their ability to do schoolwork. Wyon 

(2004) found that inadequate indoor air quality could reduce the performance of office 

work by 6-9%.  

 

Ventilation plays an essential role in reducing air pollution by exchanging indoor polluted 

air with outdoor clean and fresh air. Even though teachers kept windows open in the current 

study, approximately 80% of them found the work of the ventilation system to be problem-

atic (see Table 12), thus the need to improve ventilation rates.  Wargocky et al. (2000) 

observed that the doubling of ventilation rate increased the office worker’s performance on 
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average by 1.7%. Similarly, Seppanen, Fisk, and Lei (2006) found an increase in perfor-

mance by approximately 1.5% for each doubling of the outdoor air supply rate. At the same 

time, Wargocki and Wyon (2013) suggested using energy-efficient technologies (e.g., hy-

brid ventilation systems, installing energy-recovering and air-cleaning technologies to 

avoid increases in energy consumption).  

4.2.3 Thermal Comfort 

The subjective evaluation of thermal comfort perception was conducted through survey 

questions such as satisfaction with thermal comfort in the classroom and the impact of 

thermal comfort perception on teacher's performance. The commonly reported problem 

was linked to either cold or hot indoor environments. Approximately 10% of respondents 

simultaneously indicated both answers ‘hot’ and ‘cold’ when they were asked to describe 

their thermal perception. More than 30% of teachers expressed their thermal feelings as: 

“Always too hot or too cold”; “Sometimes it's too cold in the classroom”; “It's very extreme 

- never consistent”; “Most days hot/very warm, rarely too cold”; “Sometimes it can be so 

hot you can't breathe, sometimes can be so cold your nose is cold”. Hence, some class-

rooms had sharp thermal comfort changes – from cold to hot. Furthermore, the physical 

measurements provided evidence that some other classes remained hot or cold continu-

ously.  
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Figure 23 Satisfaction with thermal comfort 

 

As illustrated, 36% of participants felt neutral, 40% of them felt ‘slightly cool’, ‘cool’, or 

‘cold’, and 24% were either ‘slightly warm’, ‘warm’, or ‘hot’ during the fall season. Their 

satisfaction with thermal comfort significantly dropped during the winter. Thus, over half 

of the teachers felt ‘slightly cool’ or ‘cool/cold’ during the winter, while 23% of them felt 

‘warm’ or ‘hot’. The questionnaire results were consistent with field measurements which 

showed that most surveyed classrooms experienced underheating. The relative humidity 

level was too low as about 90% of RH values were less than 30% during the winter. The 

reduced temperature, combined with a relative humidity that is too low, gives occupants 

the feeling of discomfort. At the same time, two classrooms: 171 or 178, experienced a 

combination of increased temperatures and low relative humidity, thus worsening the feel-

ing of dry air. These large fluctuations in the indoor air temperatures during the winter 
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season suggest issues with the operation of the heating system and its inability to maintain 

comfortable indoor air temperatures. These findings support information provided by the 

building manager about problems with the sensors that control the heating setpoints in the 

east and west wings as well as the oversized electric boilers that frequently short-cycle (i.e., 

stop and start multiple times during an hour). Thermal comfort somewhat improved during 

the spring season. As expected, participants felt the warmest during the spring when ap-

proximately a third of occupants had ‘neutral’ feelings, while 21% felt ‘cold’ or ‘cool’, and 

43% felt either ‘warm’ or ‘hot’.  

 

These results are consistent with the findings of previous studies (e.g., Lin et al. 2019; 

Karjalainen 2009; Katafygiotou and Serghides 2014). Lin et al. (2019) found that 19 of the 

surveyed schools reported unsatisfactory heating while teachers reported extreme cold and 

excessive heat in the classrooms during the year. A quarter of surveyed teachers com-

plained about dry air in the classrooms. Katafygiotou and Serghides (2014) reported that a 

few occupants felt ‘hot’ (~7%) during the winter, while 70% of respondents felt ‘cool’ or 

‘slightly cool’. 28% of respondents felt uncomfortably ‘cold’ while 11% of them felt ‘hot’ 

in the study by Karjalainen (2009). Spring was the most comfortable season for the occu-

pants in the study by Katafygiotou and Serghides (2014) as more than half of them had 

‘neutral’ feelings about thermal comfort, while 36% felt ‘slightly warm’ to ‘very hot’. 

Around 40% of occupants felt ‘neutral’, and a similar percentage had feelings from ‘some-

what warm’ to ‘hot’ in the fall season. Although the results of the current study are con-

sistent with the previous studies, it is important to notice that every study has its factors, 

circumstances, or implications so previous studies do not necessarily validate the current 
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research. 

 

Additionally, the study presents differences in the sense of thermal comfort between the 

two genders (Table 18). 

 

Table 18 Cross-tabulation of thermal comfort with gender 

 

Sea

son 

Gen

der 

Satisfaction with thermal comfort 
U 

(value) 

 p-

value 
 Mean 

Cold Cool  
 Slightly 

cool 
 Neutral 

 Slightly 

warm 
 Warm Hot    

Fall 
Mal

e 
0 1 0 8 1 0 1 148.5 0.214 4.18 

 

Fe-

mal

e 

6 4 9 10 2 2 6 

  

3.72 

Win

ter 

Mal

e 
2 1 1 5 0 2 0 163.0 0.574 3.55 

 

Fe-

mal

e 

10 4 9 5 0 2 7 

  

3.41 

Spri

ng 

Mal

e 
0 0 2 8 0 0 0 181.0* 0.043 3.80 

  

Fe-

mal

e 

2 0 6 8 6 7 7     4.81 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

As seen in Table 17, the statistical analysis of thermal satisfaction shows statistically sig-

nificant results for males and females in the spring season (p = 0.043). The female’s mean 

satisfaction level is 4.81, which is closer to ”slightly warm”, and the male’s mean satisfac-

tion level is 3.80, which is almost ”neutral”. The survey showed that females were affected 
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by the hot environment in the spring season more than males. There are no statistically 

significant associations between gender and thermal comfort perception in the fall and win-

ter seasons (p=0.214 and p=0.574 accordingly). The frequency distribution of thermal com-

fort perception between females and males by seasons is shown in Figure 24.  

 

 

Figure 24 Perception of thermal comfort by seasons  

 

As illustrated in Figure 25, spring is the most comfortable season for males as 80% of them 

felt neutral, while more than half of females had feelings from hot to slightly warm, which 

was likely not comfortable for them. The fall was comfortable for males as the majority of 

them (~73%) voted “neutral” while only a quarter of females had the same feelings. Ap-

proximately half of the females felt cold or cool in the fall season, while 25% of them felt 

hot or warm. In the winter, the prevailing low temperatures affected mainly females. Neu-

tral feelings were expressed by 45% of males and only by 14% of females. Thus, 62% of 
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females and 36% of males complained about feeling cold to slightly cool while 24% of 

females felt warm or hot versus 18% of males.  

 

Our findings are consistent with the results of the earlier studies where females expressed 

more dissatisfaction than males with the same thermal environment (Karjalainen 2012; 

Cena and de Dear, 2001) though Wyon, Andersen, and Lundqvist (1972) found that males 

were more dissatisfied with thermal conditions than females. Karjalainen (2007) found that 

females felt cold and hot more often than males, while Beshir and Ramsey (1981) reported 

that females expressed more dissatisfaction with warmer conditions than males (cited in 

Djongyang et al. 2010). Karjalainen (2007) reported a statistically significant difference (p 

<0.005) that 40% of females and 16% of males felt cold in the winter season while in the 

same season, 19% of females against 12% of males voted for “thermally unacceptable” in 

the study by Cena and de Dear (2001). An earlier study (Muzi et al. 1998)  also concluded 

that more females (29%) than males (12%) complained about feeling too hot in air-condi-

tioned office buildings (cited Karjalainen 2012).  

 

The differences in the thermal comfort responses of males versus females may be due to 

clothing differences (Cena and de Dear 2001; Andersson et al. 2002)). To determine the 

influence of clothing adjustment on their comfort, respondents were asked to provide an-

swers to the question, “Which of the a to k clothing ensembles do you typically wear in 

the classroom that you use the most “ (see Figure 25). Multiple answers were accepted.  
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Figure 25 Clothing ensembles (*) the teachers typically wear during the fall, winter and spring 

seasons 

*a shorts or knee-length skirt, short-sleeve shirt 

b shorts or knee-length skirt, short-sleeve shirt, sweater or jacket 

c shorts or knee-length skirt, long-sleeve top 

d shorts or knee-length skirt, long-sleeve shirt, long-sleeve sweater or jacket 

e trousers or ankle-length skirt, short-sleeve shirt 

f trousers or ankle-length skirt, short-sleeve shirt, sweater 

g trousers or ankle-length skirt, long-sleeve shirt 

h trousers or ankle-length skirt, long-sleeve shirt, sweater 

i trousers or ankle-length skirt, long-sleeve shirt, suit jacket 

j trousers or ankle-length skirt, long-sleeve shirt, suit jacket, vest or T-shirt 

k 

trousers or ankle-length skirt, long-sleeve shirt, suit jacket, sweater, vest or T-

shirt 

 

During the winter, 51% of females wear trousers or ankle-length skirts, long-sleeve shirts, 

and sweaters (h) while around 60% of males wear trousers, long-sleeved shirts, suit jackets, 

sweaters, or vest (j and k). Males appeared to wear more clothing garments than females in 

the winter. This is in line with Erlandson et al. (2005), who found that females wore ap-

proximately 0.1 less closing insulation level than males in the winter (cited Karjalainen 

2012). In the spring, more than half of the females and less than half of the males preferred 
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to wear short-sleeve shirts (a and e). This could be because half of the females felt from 

‘hot’ to ‘slightly warm’, while 80% of males had neutral feelings related to the thermal 

comfort in the spring (as seen in Figure 25). The majority of females (~75%) chose options 

f and h during the fall as 48% of females voted to feel from ‘cold’ to ‘slightly cool’.  

 

Thermal comfort could be achievable for all occupants if they have effective control over 

the thermal environment (Van Hoof 2008). Adjustments related to thermal sensations such 

as changing clothing; opening/closing windows; and consuming hot or cold beverages play 

a significant role in defining thermal acceptability in classrooms. Thermal discomfort leads 

occupants to take active responses to adapt to the thermal environment. In this study, re-

spondents were asked if they needed to control or adjust the temperature in the classroom, 

and if yes, what actions they needed to undertake (as shown in Figure 26).  

 

 

Figure 26 Options to control or adjust the temperature 

 

76%
72%

66%
62%

52%

41%

3%

0%

10%

20%

30%

40%

50%

60%

70%

80%

O
p

en
in

g
/c

lo
si

n
g
 w

in
d

o
w

s

A
d

d
in

g
/r

em
o
v

in
g

 a
 l

ay
er

 o
f

cl
o

th
in

g

T
h

er
m

o
st

at
s

 W
in

d
o

w

b
li

n
d
s 

o
r

sh
ad

es

 P
o

rt
ab

le
 f

an
s

A
 h

o
t 

o
r 

co
ld

d
ri

n
k N

o
n

e



95 

 

Approximately half of the respondents wanted to control or adjust the temperature of the 

classroom. The majority of them used strategies such as opening or closing windows, 

changing clothing insulation, or adding or removing a clothing garment at the same time 

to do so. The current study showed that about 60% of teachers used window blinds or 

shades and thermostats as adaptive opportunities in the classrooms. One teacher expressed 

the concern that: “I do not touch the thermostat, if turn it up it gets too hot”. This further 

reinforces the suggestion that a problem with the operation of the heating system and the 

placement of thermal sensors may exist in the school. 

 

Table 19 depicts respondents’ answers to the question: “Which of these options are not 

available to yourself/students or cannot be controlled by yourself/themselves in the class-

room”. 

 

Table 19 Options that are not available to adjust the thermal sensation 

 

  

 Win-

dow 

blinds 

or 

shades 

Ther-

mo-

stats 

A hot 

or 

cold 

drink 

Open-

ing/clos-

ing win-

dows 

 Porta-

ble fans 

Other 

(please 

specify) 

Add-

ing/re-

moving 

a layer 

of cloth-

ing 

None 

Teach-

ers 
34% 57% 13% 27% 43% 0% 5% 13% 

 

More than half of the teachers (57%) were unable to use the thermostats, while 27% of 

pedagogical staff did not have the option to open or close windows to adjust the thermal 

environment. The reasons for why respondents did not open the windows are illustrated by 
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season in Table 20. 

 

Table 20 Reasons for not opening windows 

  Fall Winter Spring 

It is not needed 30% 7% 15% 

It is noisy outside 0% 0% 0% 

It is cold outside 7% 56% 0% 

It is dusty/smelly outside 15% 0% 15% 

None 33% 26% 41% 

 

As seen in Table 19, during the mid-season, 15% of teachers did not open the windows 

because of dusty odours outside, while in the winter, the cold temperature was the main 

reason why they did not do so.  

 

These results were in line with the results by Lin et al. (2020), who reported that  about 

78% of teachers were unable to control classroom temperature via the thermostats. A few 

of them (13.4%)  also reported being unable to open classroom windows to adjust the tem-

perature. Huizenga et al. (2006) found that occupant’s dissatisfaction with thermal comfort 

was due to the absence of thermostats and operable windows. These two studies’ results 

showed that personal control over environmental conditions had a significant positive im-

pact on occupant satisfaction.  

 

Thermal comfort has a significant impact on productivity and performance. If occupants 

are dissatisfied with the thermal environment, their level of productivity decreases (Al horr 

et al. 2016). Approximately 41% of respondents complained that thermal conditions af-
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fected their ability to do their work negatively. Table 21 demonstrated the association be-

tween the level of satisfaction with thermal comfort and teachers’ performance.  

 

Table 21 Association between satisfaction with thermal comfort and teachers’ performance 

 

    Performance 

    Fall Winter Spring 

Perception of thermal comfort R 0.222 -0.119 0.173 

  p-value 0.122 0.421 0.251 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

As can be seen from Table 20, the Spearman Rho test did not reveal a statistically signifi-

cant association between teachers’ performance and their perception of thermal comfort. 

This could be due to the small sample of teachers surveyed. A bigger sample could provide 

different results. However, respondents reported the negative impact of thermal environ-

ment on performance: “Heat gives way to laziness and less movement”; “Uncomfortable”; 

“On warmer days it is too hot to be in the class, students do not want to be in there either”; 

“Either too hot or too cold”; “Students feel sluggish”; “Cold in the winter, humid in the fall 

and spring”; “Creates tiredness, sluggishness, headaches, rashes, sneezing”; “Sometimes 

when they can't regulate the temperature in class, it is too hot or too cold; the heating 

system doesn't seem to work properly”. 

 

In contrast to the results of the current study, previous studies found a relationship between 

thermal discomfort and occupants’ productivity (Lan et al. 2010; Zeiler and Boxem 2009; 
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Seppanen et al. 2006; Al-horr et al. 2016). Lan et al. (2010) found that occupants’ motiva-

tion to work was significantly affected by the air temperature. The authors added that oc-

cupants had significantly higher motivation to work in neutral conditions than in warm 

conditions. High air temperature substantially reduces participants’ motivation to do their 

work (Zeiler and Boxem 2009; Lan et al. 2010). Seppanen et al. (2006) found a reduction 

in performance of about 1% for every 1°C change. The optimal range of temperature for 

the highest level of productivity should be between 20°C and 25°C (Al-horr et al. 2016). 

Some researchers (e.g., Bauman et al., 1998; Seppanen et al. 2006) provided evidence that 

personal control over thermal conditioning systems would improve productivity.  

 

Hence, IEQ management requires the awareness and involvement of students, teachers, 

and school management (Ekren et al. 2017). Over half of the school staff complained about 

the thermal conditions of the classroom to the manager/supervisor, and 19% of them re-

ported that the school management had addressed the problem.  

4.2.4 Lighting comfort 

In this research, the teacher’s perceptions of lighting quality were evaluated using survey 

questions inquiring about teachers’ satisfaction with overall lighting and reflection/glare in 

the classroom. It also included inquiring about teachers’ satisfaction with daylighting, their 

control of lighting in the school, and about the impact of lighting on performance. Teach-

ers’ satisfaction with lighting comfort is represented in Figure 27. 
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Figure 27 Satisfaction with lighting comfort 

 

Figure 28 illustrated the diversity in opinions related to lighting quality. Approximately 

40% of respondents reported feeling ‘slightly satisfied’ to ‘very satisfied’; about a quarter 

of them had ‘neutral’ feelings about lighting across the seasons while the percentage of 

very dissatisfied respondents was about 15%.  

 

Table 22 summarizes respondents' satisfaction with lighting quality by gender and season. 

The results of the Mann-Whitney U test did not reveal any statistically significant associa-

tions between gender and satisfaction with lighting comfort across the seasons (p>0.05). 
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Table 22 Cross-tabulation of lighting comfort with gender 

 

Sea-

son 

Gen-

der 

Satisfaction with lighting comfort 

U 

(value) 

 p-

value 

Very 

dis-

satis-

fied 

Mod-

er-

ately 

dis-

satis-

fied  

Slightl

y dis-

satis-

fied  

Neu-

tral  

Slightl

y satis-

fied  

Mod-

er-

ately 

satis-

fied  

Very 

Satis-

fied 

Fall Male 2 0 1 4 2 1 3 222.5 0.309 

 

Fe-

male 
5 2 10 9 7 8 1 

  
Win-

ter 
Male 2 0 1 4 2 1 3 219.5 0.280 

 

Fe-

male 
6 1 9 11 7 7 1 

  
Sprin

g 
Male 2 0 1 4 2 1 2 224.0 0.553 

  
Fe-

male 
5 1 11 9 6 9 1     

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

These findings are in agreement with the study by Xue et al. (2014), who reported a lack 

of statistically significant difference between genders with respect to satisfaction with 

lighting comfort. In contrast, Knez (2001) found that females were more perceptive of 

lighting conditions than males, while Duijnhoven (2020) found male participants to be sta-

tistically less satisfied with lighting than female participants.  

 

Previous studies showed that people believed that daylight was superior to electric light in 

its effect on people (Galasiu and Veitch 2006; Xue et al. 2014). The current study showed 

that ~96% of respondents had windows. There were no windows in the gym and one of the 

offices in the school. Lin et al. (2020) showed that over 95% of respondents had windows 
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in the classrooms, while 86% considered daylighting to be their preferred source of lighting 

(Galasiu and Veitch 2006). Xue et al. (2014) found that occupants’ satisfaction with light-

ing comfort would be reduced if artificial lighting needed to be used. The current study 

showed that approximately 44% of teachers reported that they used natural lighting during 

the school day. Table 23 demonstrates how long on average, respondents used natural light 

for: 

 

Table 23 Daily distribution of using natural light 

   Season     Less than 1 hour         1 to 3 hours More than 3 hours 

    Fall 21% 29% 58% 

    Winter 21% 33% 58% 

    Spring 17% 21% 71% 

 

The majority of occupants (~70%) used natural light in the spring as the duration of sun-

light hours increased during the spring and decreased from summer to winter so that par-

ticipants would have had fewer sunlight hours in the winter. More than half of the respond-

ents used daylighting more than 3 hours per day in the fall and winter seasons.  

 

Occupants were also asked to evaluate their satisfaction with glare and reflection (as seen 

in Figure 28). 
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Figure 28 Satisfaction with glare/reflection  
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should be equipped with adequate means of control. Boyce et al. (2006) concluded that 

lighting conditions that could be controlled individually were rated as more comfortable 

while Veitch et al. (2008) added that people with perceived good lighting conditions 

showed improved mood and higher ratings of lighting satisfaction. Approximately 64% of 

surveyed respondents needed to be able to control or adjust their lighting. This is consistent 

with Lang (2002), who reported that teachers preferred to have control of lighting levels 

(cited in Winterbbotom and Wilkins 2009). Table 24 presents the results with respect to 

options that were available and not available to teachers to control or adjust the lighting in 

the current study. 

 

Table 24 Options to control or adjust the lighting comfort 

 

Options to control or adjust 

lighting 

Options teachers use to con-

trol the lighting 

Options are not available to 

teachers to control the 

lighting 

Window blinds or shades 64% 23% 

Light dimmer 14% 54% 

Light switch 100% 7% 

None 0% 29% 

 

The study also showed that 100% of respondents who wanted the ability to control or adjust 

lighting did so by switching on or off electric lighting. More than 60% used window blinds 

or shades, and only 14% had access to the light dimmer. Maniccia et al. (1999) surveyed 

occupants of 43 offices and found that 74% of them used dimmers to adjust their lights. 

More than half of the teachers in the current study did not have access to the light dimmer, 

while 23% of them could not prevent glare or reflection by window blinds or shades. Fur-

https://www-sciencedirect-com.uml.idm.oclc.org/science/article/pii/S0272494408001011#bib30
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thermore, the study showed that lighting that was “too bright” was associated with an in-

creased risk of work-related symptoms. Approximately 7% of teachers complained about 

the bright light and its impact on health: “The lights give me a headache and blurry vision 

after”; “I get headaches and often have to turn a few of the lights off”; “Headaches-fluo-

rescent lighting sucks; it is way too bright”. In general, previous studies (e.g. De Giuli et 

al. 2012) showed that school buildings were not equipped with adjustable lighting, and in 

many cases, shades were broken or missed thus creating visual discomfort that, in turn, 

significantly affected the health of school occupants. The use of lighting controls is essen-

tial to achieve an optimal level of lighting and reduce related energy consumption (Galasiu 

and Veitch 2006). Maniccia et al. (1999) also found that dimmers' ability to adjust lights 

along with motion sensors could maximize occupant satisfaction and minimize wasted en-

ergy. 

 

Approximately 14 % of respondents indicated that lighting quality affected their ability to 

do the work. Teachers emphasized that this effect is connected with light and glare that 

were too bright, which in turn, led to eye irritation and headaches. The glare that is the 

result of excessive direct sunlight and artificial light can result in visual discomfort (Al-

horr et al. 2016). The results of Spearman’s Rho test of correlation between the level of 

satisfaction with lighting quality and teachers’ performance are presented in Table 25. 
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Table 25 Association between satisfaction with lighting comfort and performance  

    Performance 

    Fall Winter Spring 

Satisfaction with lighting quality R -0.267* -0.258 -0.268 

  p-value 0.05 0.06 0.06 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Table 24 shows that the Spearman Rho test revealed a statistically significant, weak asso-

ciation between satisfaction with lighting quality and teacher's performance, at the 0.05 

level in the fall season. The test did not find statistically significant associations between 

lighting comfort and performance in the winter and spring seasons. This is in line with 

Knez (1995) who suggested that indoor lighting influenced mood and cognition and might 

then affect performance. In contrast, Veitch (1997) argued that lighting did not affect per-

formance.  

4.2.5 Acoustics comfort 

The subjective evaluations of acoustics perceptions were conducted using questions that 

enquired about teachers’ satisfaction with noise levels in the classroom they used the most, 

the source of noises, the quality of speech communication between teachers and students, 

and the impact of acoustics quality on teachers’ ability to do work.  

Teacher satisfaction with acoustics quality is represented in Figure 29. 
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Figure 29 Satisfaction with acoustics comfort 
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Table 26 Cross-tabulation of acoustics comfort with gender 

 

Sea-

sons 

Gen-

der 

Satisfaction with acoustics quality 

U 

(value

) 

 p-

value 

Very 

dis-

satis-

fied 

Mod-

er-

ately 

dis-

satis-

fied  

Slightl

y dis-

satis-

fied  

Neu-

tral  

Slightl

y satis-

fied  

Mod-

er-

ately 

satis-

fied  

Very 

Satis-

fied 

Fall Male 1 0 2 5 2 2 1 274 0.914 

 

Fe-

male 
1 6 9 7 9 5 6 

  
Win-

ter 
Male 1 0 2 5 3 1 1 273 0.898 

 

Fe-

male 
1 6 9 9 7 5 6 

  
Sprin

g 
Male 1 0 2 5 3 1 1 272 0.883 

  
Fe-

male 
1 6 9 6 9 6 6     

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

Ellermeier and Zimmer (1997) reported that there was no significant difference between 

genders in the response to the effect of noise on performance. In contrast, Yang et al. (2012) 

found significant interactions between noise, task performance, and gender (cited Kim et 

al. 2013). 

 

Speech communication includes two primary modes: speaking and hearing, so Sala and 

Viljanen (1995) suggested that "a classroom's acoustic design should be constructed so that 

the highest possible degree of speech intelligibility is achieved for teachers and pupils". 
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School teachers explained they experienced echoing (reverberation): “There is an echo ef-

fect (I think) where the normal sound is amplified. It sounds like I'm yelling when I'm not” 

or “Echo when talking”. This negatively affected the quality of speech communication 

between teachers and students and created a worse acoustic environment in the classroom. 

Table 27 shows the Spearman Rho test revealed statistically significant, moderate positive 

correlations between satisfaction with acoustics quality and satisfaction with speech com-

munication in the three seasons. We can suggest that, as long as teachers are satisfied with 

the quality of verbal communication between them and students, their satisfaction with the 

acoustics quality will generally be higher. 

 

Table 27 Spearman’s Rho coefficient between satisfaction with acoustics and satisfaction with 

speech communication 

    Satisfaction with acoustics  

    Fall Winter Spring 

Satisfaction with speech communication R 0.627** 0.611** 0.667** 

  p-value 0.000 0.000 0.000 

 

The results of the current study are consistent with the study by Lin et al. (2019), who 

found that due to noise or echo, about12% of teachers had to raise their voices to be heard, 

and they do not hear students. More than half of the teachers surveyed considered noise at 

work as an essential reason for communication problems (Raymond et al. 1990). Raymond 

et al. (1990) suggested that the acoustic environment of some Quebec classrooms is not 

optimal for teachers' well-being and their work performance. 

 

The questionnaire demonstrated that teachers were sensitive to the acoustic environment 
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and able to identify which acoustic conditions (i.e., sources of noise) interfered with the 

learning process and affected them most. Teachers were asked to rate their satisfaction with 

various sources of noise in the school, including 1) noise intrusion from outside the school; 

2) noise from corridors and neighboring classrooms; 3) background noise within the room 

generated by HVAC; 4) noise caused by equipment like printers, projectors, or computers; 

as well as 5) noise from washrooms or other plumbing noise. As depicted in Figure 30, on 

average, teachers seemed to find noise from the outside (external) and from other areas 

(classrooms and halls) to be the most problematic.   

 

Figure 30 Teacher’s rating of various sources of noise 
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of acoustics and noise sources such as HVAC, teaching equipment, washrooms (other 

plumbing areas), other areas (classrooms, corridors), and outside noise (as shown in Table 

28). 

 

Table 28 Spearman Rho coefficients between satisfaction with the acoustics quality and different 

sources of noise 

 

 

  
  

Satisfaction with acoustics  

    Fall Winter Spring 

HVAC R -0.278* -0.296* -0.267* 

 p-value 0.040 0.028 0.049 

Teaching equipment R -0.243 -0.253 -0.235 

 p-value 0.074 0.062 0.085 

Washrooms R -0.317* -0.321* -0.310* 

 p-value 0.020 0.018 0.022 

Other areas R -0.381** -0.398** -0.379** 

 p-value 0.004 0.003 0.004 

Outside R -0.281* -0.289* -0.274* 

  p-value 0.038 0.032 0.043 
 

 
**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed) 

 

Table 28 showed that statistically significant, weak negative correlations existed between 

satisfaction with acoustics quality and other areas (nearby classrooms and corridors), wash-

rooms, and outside areas across the seasons. Due to its location, the school was exposed to 

external noise as high traffic noise. Teachers highlighted that they were affected by noise 
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from neighboring classrooms, corridors, and outside environments, and this kind of noise 

distracted them: “Kids are noisy in the halls or when the next-door classroom has music 

or video (movie) on and the base vibrates too loudly”; “Outside, hallway noise is distract-

ing”; “You can hear everything in the hall/neighboring classrooms”; “Noise by high traffic 

area, close to outside doors, kitchen, office, hall and bathrooms”; “The children that go 

outside from other classes can be heard even when my door is shut”; “Even when my class 

door is shut, I can still hear grades going out for recess; the acoustics is pretty awful”.  

 

The results partly mirrored the findings by Lin et al. (2020), who found that the most com-

monly reported sources of excessive noise were from nearby classrooms or hallways 

(~57% of respondents). Some studies (e.g., Woolner and Hall 2010; Dockrell and Shield 

2004) investigated the effects of external noise on work in the classroom. Another study 

by Eysel-Gosepath (2012) found that 48% of teachers reported noise in the corridors as 

high, whereas external noise (e.g., construction, traffic) was not a disturbing problem for 

surveyed teachers (cited Winterbottom and Wilkins 2009) 

 

These results raise concerns that have been raised in the literature in the past (e.g., Sadick 

and Issa 2017; Vilcekova et al. 2017; Astolfi and Pellerey 2008; Zannin & Marcon 2007; 

Woolner and Hall 2010). A survey of teachers by Vilcekova et al. (2017) showed that 

among pedagogical staff, 100% were concerned with sound discomfort,  identifying noisy 

students as the primary source of the problem. Astolfi and Perelly (2008) found a close 

correlation between noise disturbance and students talking or shuffling in neighboring 

classrooms. Teachers also preferred "an indoor environment that minimizes distractions 

https://www-sciencedirect-com.uml.idm.oclc.org/topics/earth-and-planetary-sciences/indoor-environment
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from outside, and from nearby classrooms" (Sadick and Issa 2017). Astolfi et al. (2012) 

attributed the excessive noise and reverberation in schools to the poor sound insulation of 

windows that allowed external noise. Zannin and Marcon (2007) explained that the low 

acoustic insulation between classrooms and the corridor caused high levels of background 

noise in the classrooms. Noise leaking between rooms in schools can be due to design and 

construction issues, while HVAC noise reinforces the need for quieter HVAC systems 

(Woolner and Hall 2010).  

 

Furthermore, approximately 14% of teachers believed that acoustical quality influenced 

their performance. Al-horr et al. (2016) suggested that both external and internal noise 

affected occupant’s performance and led to stress, anxiety, and possibly long-term health 

issues for occupants. Table 29 showed statistically significant, weak negative correlations 

between acoustics qualities and performance in the three seasons.  

 

Table 29 Association between satisfaction with acoustics quality and teacher's performance 

 

    Performance 

    Fall Winter Spring 

Satisfaction with acoustics R -0.319* -0.347** -0.293* 

  p-value 0.017 0.009 0.028 
 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The results of the current study are in line with those in the literature (Klatte and Hellbroock 

2010; Lin et al. 2020; Raymond et al. 1990). About 11% of teachers reported that noise or 

echo affected their teaching ability (Lin et al. 2020). Moreover, MacKenzie and Airey 
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(1999) found that teachers working in classes with a high level of reverberation were absent 

more often than teachers in classes with no reverberation (cited Klatte and Hellbroock 

2010). The reduced quality of speech communication caused teachers' fatigue and de-

creased students’ performance (Astolfi and Perelley 2008). Klatte and Hellbroock (2010) 

suggested that "poor interior acoustics negatively affect the social-emotional class atmos-

phere". This assumption was based on prior studies that concluded that noise and reverber-

ation influenced teachers’ health. Raymond et al. (1990) also highlighted the negative im-

pact of uncomfortable acoustic conditions on teachers' well-being and performance. These 

teachers had communication troubles, voice problems, less patience, and were less effec-

tive than they would like. They also suffered from stress and malaise. 

 

4.2.6 Teacher's self-reported health symptoms and their influence on the per-

formance  

4.2.6.1 Teacher's self-reported symptoms 

A poor indoor environment may lead to health problems. The current study examined the 

relationship between indoor environmental quality and building-related health symptoms. 

Teachers were asked about building-related health symptoms and their impact on their 

ability to do their work across the seasons. They were also asked whether they had been 

diagnosed with asthma and their smoking habits or if they were subjected to environmental 

tobacco smoke (ETS). 
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In the current study, 41% of respondents were smokers, while 36% of teachers were sub-

jected to environmental tobacco smoke. The results were higher than the one by Kielb et 

al. (2015), who showed that only 9.6% of teachers smoked or were exposed to second-hand 

smoke. The high rate of environmental tobacco smoke exposure in this study is not sur-

prising given the high prevalence of smoking in many Aboriginal Canadian Communities 

(Daniel et al. 2004).  (Reinikainen, Aunela-Tapola, and Jaakkola 1997) found no statisti-

cally significant difference in IAQ perception (odour and stuffiness) between smokers and 

non-smokers, while the study by Reijula and Sundman-Digert (2004) demonstrated that 

smokers complained more often about environmental problems (e.g., dry/stuffy air, dust or 

draught) and reported more SBS symptoms than non-smokers. 

  

Approximately 16% of the participants were diagnosed with asthma. This is consistent with 

the survey by Kielb et al. (2015), who found that 12% of teachers had asthma.  Neverthe-

less, another study (Vilcekova et al. 2017) had found that 60% of school staff had health 

concerns with asthma and 40% of them reported asthma within one year. Due to limited 

asthma data for Aboriginal communities, the prevalence of asthma among the Aboriginal 

population is contradictory. Gao et al. (2008) reported that the prevalence of asthma ap-

pears to be lower in Aboriginal children than in non-Aboriginal children in the northern 

territories of Canada, while Latycheva et al. (2013) argued that childhood asthma rates 

were 40% higher in Aboriginal communities than in the general Canadian population. 

These results are significant considering the evidence that poor indoor air quality condi-

tions such as indoor dampness and mold are strongly linked to the aggravation of asthma 

symptoms (e.g., Bornehag et al. 2004; Norbäck et al. 1999; Kielb et al. 2015).  Teachers 
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from schools exposed to mold and dampness reported more asthma symptoms, with the 

symptoms being stronger among teachers who had been working for more than five years 

than those who were employed for five years and less (Zock et al. 2011). Asthmatic sub-

jects are less sensitive to air pollution compared to non-asthmatic subjects because their 

odour intensity and sensory irritation ratings are generally lower than non-asthmatic sub-

jects (Wolkoff 2018). 

 

Figure 31 summarized the prevalence of self-reported health symptoms among teachers in 

the fall, winter, and spring seasons.   

  

 

Figure 31 Prevalence of SBS symptoms among the teachers 

 

The lowest number of health complaints was made in the spring season. The most fre-

quently reported symptoms (~40%) were nose and eye irritation, headaches, fatigue, and 
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skin problems in the spring. During the fall season, approximately 45% of the teachers 

surveyed reported headaches, nose irritation, skin problems, and feeling like getting a cold. 

Respondents noticed that health symptoms worsened in the winter season. The most-re-

ported building-related symptoms in the winter season were runny/stuffy nose (~73%), 

skin problems (~70%), feeling like getting cold (~70%), headache (~63%), and dry throat 

(~64%).  

 

In general, these results are consistent with other studies (e.g., Turunen et al. 2014; 

Vilcekova et al. 2017; Kielb et al. 2015). Vilcekova et al. (2017) reported that the most 

frequently reported health symptoms by school occupants were fatigue (80%), cough 

(100%), nose irritation (80%), sore/dry throat (60%), and headaches (80%). In another 

study that addressed teacher health (Kielb et al. 2015) the most prevalent symptoms were 

frequent colds (60%), sinus problems (~46%), allergies/congestion (~33%), headaches 

(~37%), throat irritation (~38%), and nausea (~37%). Vilcekova et al. (2017) found that 

such symptoms were very common in schools, with many respondents reporting health 

problems they thought were caused by the school environment (Schneider 2003). 

 

The risk of having adverse health symptoms is greater with increasing numbers of reported 

adverse classroom characteristics (Kielb et al. 2015). Spearman Rho test was run to assess 

the relationships between the environmental conditions of the school and reported health 

symptoms (as shown in Table 30). Table 30 depicts only statistically significant associa-

tions between variables so statistically insignificant relationships were excluded from the 

table.  
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Table 30 Relationships between health symptoms and environmental exposure at the school 

  Season   

Satisfac-

tion with 

IAQ 

Satisfac-

tion with 

thermal 

comfort 

Air tem-

perature 

Air hu-

midity 

Satisfac-

tion with 

acoustics 

Eyes irri-

tation Fall R -0.347**     

  p-value 0.009     

 Spring R -0.360**     

    p-value 0.006         

Nose irri-

tation Fall R -0.283*     

  p-value 0.034     

 Winter R   -0.315*   

  p-value   0.019   

 Spring R -0.488** 0.486** -0.289*   

    p-value 0.000 0.001 0.032     

Throat 

problems Fall R -0.455**  -0.311* -0.303*  

  p-value 0.000  0.020 0.027  

 Winter R   -0.367** -0.326*  

  p-value   0.006 0.016  

 Spring R -0.401**  -0.342*   

    p-value 0.002   0.011     

Headache Winter R -0.324* -0.298* -0.421** -0.332* -0.301* 

    p-value 0.015 0.040 0.001 0.015 0.024 

Fatigue Fall R -0.378**  -0.287* 

-

0.355**  

  p-value 0.004  0.034 0.008  

 Winter  -0.406**  -0.324* -0.279*  

   0.002  0.016 0.043  

 Spring  -0.587** 0.366* -0.329* -0.298*  
      0.000 0.012 0.014 0.029   

Difficult 

breathing Fall R   -0.292*   

    p-value     0.029     

Felling 

like get-

ting cold Winter R     -0.306*     

    p-value     0.023     
 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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The Spearman Rho test did not detect any statistically significant associations between 

satisfaction with lighting quality and health symptoms (p>0.005), as well as between sat-

isfaction with lighting quality and ‘skin problems’(p>0.005). Statistically significant neg-

ative associations between satisfaction with IAQ and health symptoms such as eyes (fall, 

spring) and nose irritation (fall, spring), throat problems (fall, spring), headache (winter), 

and fatigue (fall, winter, spring) were found during the study.  

 

Kreiss (1989) reported that concerns about the adverse effects of poor IAQ had increased 

since the late sixties when occupants of residential, commercial, and institutional buildings 

started reporting health problems associated with their environments, such as eye and upper 

respiratory tract irritation, headache, and fatigue (cited Wolkoff et al. 1993). The reporting 

of similar incidents has continued unabated, particularly in schools. The few studies con-

ducted on the effectiveness of remedial measures in Europe and North America showed 

that poor ventilation, building characteristics, building use, maintenance, and cleaning 

were causal agents of poor IAQ in schools (EPA 2014; Daisey et al. 2003).  The current 

study showed that approximately 70% of teachers were dissatisfied with indoor air quality, 

complaining about stuffy air (~35%) and improper work of the ventilation system (~80%). 

These results are consistent with studies that found associations between ventilation, build-

ing-related health symptoms, and perceived IAQ (Seppänen 1999; Schneider 2003; Smedje 

et al. 1996; Kielb et al. 2015). Schneider (2003) reported that the school environment 

caused health problems such as asthma and respiratory problems. Stenberg and Wall (1995) 

found that high CO2 levels caused building-related symptoms such as allergy, discomfort, 
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poorer perceived air quality, and reduced performance and productivity. High CO2 concen-

trations were associated with health symptoms such as fatigue, headaches, dizziness, res-

piratory problems, and difficulties concentrating (Myhrvold et al. 1996; Daysey et al. 2003; 

Annesi-Maesano et al. 2013). Similarly, Kielb et al. (2015) reported ventilation inadequacy 

and teacher health symptoms. Kovesi et al. (2007) found a strong association between in-

door CO2 levels and the risk of lower respiratory tract infection among Inuit infants and 

young children. They suggested that inadequate home ventilation and overcrowding con-

tributed to a high rate of lower respiratory diseases among Innuit children. 

 

Statistically significant negative associations were detected between air humidity and ad-

verse health symptoms such as throat problems in the fall and winter, headache in the win-

ter, and fatigue in the fall, winter, and spring. Average relative humidity in the current 

study recorded values between 32-43% in the fall season, less than 30% in the winter, and 

close to the lowest recommended level in the spring. Previous studies reported that too high 

and too low relative humidity has direct and indirect effects on SBS symptoms (Wolkoff 

2018; Angelon-Gaetz et al. 2016). Furthermore, dry indoor air is known to cause adverse 

health effects (Fang et al. 2004). For example, Amouei et al. (2019) found a significant 

relationship between ‘dry air’ and SBS symptoms in the winter (p=0.011) and a substantial 

connection between humidity and SBS symptoms in the spring (p=0.003).   

 

It is possible in our study that dry air explained the prevalence of the symptoms indicated 

by teachers in the questionnaire. The mechanical ventilation system desiccated indoor air, 

and relative humidity was low in the surveyed classrooms. If the air is too dry, respiratory 
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problems coupled with skin and eye irritation could occur (Wolkoff 2018). At the same 

time, dry air alone does not explain the symptoms as these are most probably due to the 

interaction of different factors together (Jarvi et al. 2018). Aboriginal school occupants are 

exposed to low humidity health effects not only in school buildings but also in their homes. 

Kovesi et al. (2007) reported that houses for Innuit people had very low humidity, increas-

ing the risk of lower respiratory tract infections.   

 

Furthermore, 61% of respondents reported mold and cellar-like odour, while 48% of them 

noticed visible signs of moisture damage in the school. It is well-known that indoor damp-

ness and mold increase the risk of respiratory symptoms, such as asthma development, the 

aggravation of asthma symptoms, wheeze, and cough (Bornehag et al. 2004). Moisture 

damage may adversely impact teachers’ respiratory health (Claudio et al. 2016). Meklin et 

al. (2002) investigated the effects of building frame and moisture damage on microbial 

IAQ in 17 wooden and 15 masonry schools. They found that while mean concentrations of 

viable airborne fungi were significantly higher in wooden than in concrete schools, the 

effect of moisture damage led to higher levels of viable airborne fungi in masonry than 

wooden schools. 

 

The Spearman Rho test revealed a statistically significant, weak association between satis-

faction with acoustics and headache in the spring season. These results are partly consistent 

with the results by Amouei et al. (2019), who reported that excessive noise led to head-

aches. They found a statistically significant relationship between acoustics and headaches 

in the winter (p=0.026) but not in the spring (p=0.600). Similarly, Walinder et al. (2007) 
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related noise to headache and fatigue among students (cited Turunen et al. 2013). 

 

The results of the Spearman Rho test detected statistically significant associations between 

air temperature and adverse health symptoms such as fatigue in the fall, winter, and spring 

seasons, breathing difficulties in the fall, nose irritation in the winter, and spring, throat 

problems in the fall, winter, and spring, headache in the winter, and feeling like getting 

cold in the winter. Increased reporting of adverse health symptoms could be explained 

partly by the indoor temperature fluctuations. The current study provided evidence that 

classrooms experienced underheating or overheating during the school day. Two south-

oriented classrooms were exposed to overheating while other classrooms experienced 

highly fluctuating temperature changes during the year, with some of these temperatures 

being very low. High temperature is known to cause dissatisfaction with indoor air quality 

and may negatively affect health (Fang et al. 2004; Lan et al. 2011). Palumbo et al. (2018) 

found that high temperature is associated with an increased risk of flu-like symptoms.  

 

Linear regression models were run to investigate the associations between adverse health 

symptoms and potential predictor variables such as physical records of T, RH, and CO2 

during the winter season (Table 31). For the test, the results were considered statistically 

significant at p < 0.05. Linear regression allows direct interpretation between predictors 

and outputs (Cheung et al. 2017). The linear regression models used 9 independent varia-

bles: 1) maximum T, 2) minimum T, 3) mean T; 4) maximum RH, 5) minimum RH, 6) 

mean relative RH; 7) maximum CO2, 8) minimum CO2, and 9) mean CO2. The dependent 
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variable “score” was presented in the numerical form: from 0 - “no symptoms” to 9 -“max-

imum number of health symptoms”. The questionnaire data on the health of the teachers 

was aggregated to have a score: the more symptoms, the higher the score.  Approximately 

98% of teachers had one and more symptoms during winter.  

 

Table 31 Regression with physical parameters as predictors of the score of having adverse health 

symptoms 

 

  B  R2 p-value 

Tmax -0.256 0.156 0.293 

Tmin -1.002 0.246 0.175 

T mean -1.163 0.549 0.022 

RH max 0.257 0.079 0.463 

RH min 0.727 0.203 0.223 

RH mean 0.783 0.447 0.049 

CO2 max 0.002 0.075 0.477 

CO2 min -0.040 0.203 0.454 

CO2 mean 0.013 0.082 0.190 

 

The linear regression found that the mean indoor air temperature was statistically signifi-

cantly associated with the score of adverse health symptoms, Beta= -1.163, CI [-2.104; -

0.221] p<0.05 (as seen in Tables 32, 33, 34). 

 

Table 32 Statistical significance of the model 

ANOVAa 

Model 

Sum of 

Squares df 

Mean 

Square F Sig.  
Regression 37.108 1 37.108 8.531 0.022b 

Residual 30.448 7 4.350 
  

Total 67.556 8       

 
a. Dependent Variable: score 

b. Predictors: (Constant), Tmean 
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Table 33 Model summary  

 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

Durbin-Wat-

son 

1 0.741a 0.549 0.485 2.086 2.407 

 
a. Dependent Variable: score 

 

Table 34  Coefficients Table 

 

Coefficientsa 

Model 
Unstandardized 

Coefficients 

Stand-

ardized 

Coeffi-

cients 
t Sig. 

95.0% Confidence 

Interval for B 

B 

Std. Er-

ror Beta 

Lower 

Bound 

Upper 

Bound 

1 (Constant) 30.939 8.491   3.644 0.008 10.861 51.017 

Tmean -1.163 0.398 -0.741 -2.921 0.022 -2.104 -0.221 

 

a. Dependent Variable: score 

 

A linear regression established that a decrease in mean indoor air temperature was statisti-

cally significantly associated with an increase in the score of having health symptoms. The 

mean indoor air temperature accounted for 54.9% of the explained variability in the score 

of SBS symptoms. The physical measurements of the temperature showed that the average 

temperature values were close to the lower reference values stipulated by ASHRAE in most 

classrooms during the winter. This is in line with Jaakkola, Heinonen, and Seppänen 
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(1989), who found that if the indoor air is too cold or warm, it increases health symptoms 

perceptions.  The other statistically significant result was related to the mean relative hu-

midity (Tables 35, 36, 37).  

Table 35 Statistical significance of the model 

 

Model Sum of 

Squares df 

Mean 

Square F Sig. 

1 Regression 30.222 1 30.222 5.667 0.049b 

Residual 37.333 7 5.333 
  

Total 67.556 8 
 

    

 

a. Dependent Variable: score 

b. Predictors: (Constant), RHmean 

 

Table 36 Model summary  

 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

Durbin-Wat-

son 

1 .669a 0.447 0.368 2.309 2.441 

 
a. Predictors: (Constant), RHmean 

b. Dependent Variable: score 
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Table 37 Coefficients Table 

 

Coefficientsa 

Model 
Unstandardized 

Coefficients 

Stand-

ardized 

Coeffi-

cients 
t Sig. 

95.0% Confidence 

Interval for B 

B 

Std. Er-

ror Beta 

Lower 

Bound 

Upper 

Bound 

1 (Constant) -5.992 5.188   -1.155 0.286 -18.261 6.277 

RHmean 0.783 0.329 0.669 2.380 0.049 0.005 1.561 

 

a. Dependent Variable: score 
 

The increase of mean relative humidity was statistically significantly associated with the 

rise in the score of adverse health symptoms, Beta= 0.783, CI [1.561; 0.005] p<0.05. The 

variable of mean relative humidity accounted for 44.7% of the explained variability in the 

score of SBS symptoms. The univariate linear multiple regression model analysis has some 

limitations. As the sampling data was limited, it was only possible to conduct this type of 

regression. This limitation also affected the veracity of the resulting findings.  Low statis-

tical power (because of the small sample size of the study) negatively affected the likeli-

hood that a nominally statistically significant finding reflected a true effect (Button et al. 

2013).  

4.2.6.2 Teacher's health and performance  

The current study showed that a substantial proportion of respondents (41%) explained that 

health problems affected their ability to perform their school responsibilities. Approxi-

mately 2% of respondents stated they were unaware that SBS symptoms affected their abil-

ity to perform their responsibilities. Spearman's Rho test examined relationships between 
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health responses and the performance of teachers. However, only statistically significant 

results are shown in Table 38. The results of the test provided quantitative and robust evi-

dence for the link between SBS symptoms and performance. 

 

Table 38 Relationships between health responses and the performance of teachers  

 

    Performance 

  Season R p-value 

Skin  Spring 0.310* 0.023 

Stuffy nose Winter   0.436** 0.001 

 Spring 0.295* 0.029 

Dry throat Spring   0.430** 0.001 

Feeling like getting 

cold Fall 0.336* 0.012 

 Spring 0.273* 0.044 

Having a cold/influ-

enza Spring   0.415** 0.002 

Headache Fall   0.421** 0.001 

 Winter   0.439** 0.001 

 Spring   0.443** 0.001 

Fatigue Winter   0.391** 0.003 
 

*. Correlation is significant at the 0.05 level (2-tailed) 

**. Correlation is significant at the 0.01 level (2-tailed) 

 

The test demonstrated that there were no statistically significant associations between 

teacher's performance and health symptoms such as eye irritation and breathing difficulties.  

 

There is compelling evidence in the literature that SBS symptoms could influence building 

occupants’ performance (Wargocki 1999; Nunes et al. 1993; Wyon and Wargocki 2006; 

Kielb et al. 2015; Raw et al. 1990).  However, most of the studies relating SBS symptoms 

to productivity were focused on office workers rather on students than teachers (Kielb et 
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al. 2015).  Wargocki (1999) assessed perceived air quality and SBS symptoms while per-

forming simulated office work, and found the significantly increased prevalence of head-

aches (p=0.04) and considerably lower levels of productivity. In the study of Canadian 

offices (Nunes et al. 1993), workers reporting SBS symptoms were found to be working 

7.2% more slowly on one standardized computer task and to be making 30% more errors 

on another task. Self-reported productivity was linked to the prevalence of SBS symptoms 

in the questionnaire survey in office buildings in the UK (Raw et al. 1990). Raw et al. 

(1990) showed that while two SBS symptoms were relatively typical, six other SBS symp-

toms were associated with a 10% decrease in self-estimated efficiency. Kielb et al. (2015) 

found that a substantial proportion of respondents reported that having adverse health 

symptoms affected their teaching ability or attendance; this ranged from 16.7% for wheez-

ing to 46.4% for sinus problems. Any factor which reduces SBS will increase performance 

and reduce absenteeism, both of which affect productivity (Wyon 1996). 

4.3 Thermal imaging 

The infrared thermography technique employs an infrared detector and an imaging system 

that allows converting the surface's emissive power into a temperature pattern (Balaras and 

Argiriou 2002). Surface temperature distributions can be used to identify thermal irregu-

larities due to structural features, building materials, thermal insulation defects, moisture 

contents, energy problems, and air leakages in the building components (Nardi et al. 2018). 

The thermal imaging was conducted at the end of November to capture the difference be-

tween internal and external temperatures. It allowed revealing air leakage that can be ob-

served internally when the building is depressurized (Taylor, Counsell, and Gill 2013). 
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Thermal imaging showed that the school building envelope had poor thermal performance 

(i.e., thermal bridges, cold surfaces, and air leakage). Thermal bridges created by the dis-

continuity of thermal insulations as parts of the building envelope have major effects on 

the thermal performance, e.g. increased heat loss in the winter (Ge and Baba 2015). Ther-

mal bridges can be due to geometry or due to neighboring materials with different thermal 

properties (Vollmer and Möllmann 2010). Since thermal bridges lead to temperature dif-

ferences, they are naturally present in infrared thermography (Vollmer and Möllmann 

2010). Figure 33 captured the school entrance glass doors. Exterior doors and school en-

trances are the sources of heat and energy losses. Figures 34 and 35 show the appearance 

of heat loss due to the air leakage defects through the bottom and top of the entrance door. 

Gaps could be seen between the bottom of the frame and the door itself, which is also 

slightly loose.   

 

 

Figure 32 Entrance school door 
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Figure 33 Air leakage below a door cools the surface of the surrounding floor 

 

  

Figure 34 Air leakage through the top of the door  

 

Figures 33 and 34 include thermal images. The thermal image is made of a number of 

pixels while an individual pixel represents a specific temperature data point (Your Perfect 

Palette). Figure 34 shows the thermal palette based on heat energy  (Your Perfect Palette). 

These data points are assigned a unique color or shade based on their value, meaning that 
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as the thermal sensor detects changes in heat energy, it expresses this change by adjusting 

the color or shade of a pixel (Your Perfect Palette). Red and yellow colors in the thermal 

palette indicate higher temperatures while yellow refers to lower temperatures than red 

ones (Vollmer and Möllmann 2010).  In Figures 33 and 34, the cross sign indicates the spot 

on the door frame with a temperature of -1.6°C and 5.4 °C accordingly. It is observed that 

the door frame has a much lower temperature than the walls. The airflow movement 

through high-use front entrance doors of a school building with large flows of people is 

responsible for the resulting heat and energy losses. There is an air heat fan operating in 

the entrance area designed to counteract cold air entering the building. During the heating 

season, cold air flows through the entrance doors mixing with warm air from an air fan 

installed in the entrance area, separating external doors and internal swinging doors. Air 

infiltration or exfiltration due to the frequent use of doors, coupled with pressure differ-

ences across each entry, created by the wind or ventilation systems contributes to this phe-

nomenon (Maxwell, Durrani, and Eftekhari 2016). Wind pressures can provide a driving 

force for infiltration through cracks or gaps in the building structure (Maxwell et al. 2016). 

Yan (2010) and Chen (2011) investigated the heavy traffic of staff and students entering or 

leaving a college building through the building’s sliding doors entrance and assumed the 

occurrence of subsequent heat and energy losses. The study found that the discomfort of 

the occupants working near the front entrance or reception areas was not offset by the air 

curtain fan operating in the entrance area to deal with the cold air.  

The current study recommends potential improvements that can be obtained through im-

proved design and replacement of old school entrance doors to avoid thermal comfort dis-

satisfaction and reduce energy consumption. 
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The windows themselves represent thermal bridges, with a lower interior temperature than 

the rest of the building envelope. School windows are wooden-framed and double-glazed. 

Most of the school window frames visually have cracks, increasing radiated heat loss and 

air leakage (as seen in Figure 35).  

  

Figure 35 Classroom window 

 

As evident from Figure 35, due to multiple cracks, the window frame represents the thermal 

bridge with a temperature as low as approximately 14.9˚C (the cross sign indicates the spot 

with the measured temperature). In the winter, radiant heat loss toward a cold window 

surface, drafts induced by cold air drainage off the window surface, and temperature asym-

metry between the room and the window can make an occupant feel uncomfortable (Lyons, 

Arasteh, and Huizenga 2000). Occupants’ discomfort can often be compensated with the 

heating system. This increases the classrooms’ energy needs which still does not guarantee 

comfort for the occupants.  
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Not only is the window area in the building’s envelope emitting heat, but also so are struc-

tural connections such as the flat roof and weight-bearing columns in the walls. Figure 36 

shows the thermal palette with the lowest temperature of 15.3˚C and the highest tempera-

ture of 30.4 ˚C. The low-temperature area is observed between the column and wall con-

nection (the cross sign indicates the spot with 16.6˚C). 

 

  

Figure 36 Connection between the roof and the weight-bearing columns 

 

Several opportunities for improvements in the building envelope can be detected on the 

thermal images. The thermal bridge at the junction between the wall and ceiling affects 

both thermal comfort and energy use. Thermal imaging also discovered a heat loss of the 

poorly insulated metal roof. Figure 37 demonstrates the low temperature on the surfaces 

adjacent to the roof.  
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Figure 37 Thermal imaging of the roof 

 

Furthermore, it is difficult to quantify the amount of heat loss through thermal bridges. 

However, the study by Ge and Baba (2015) used building energy simulations to find the 

effect of thermal bridges on energy performance. They found that the presence of thermal 

bridges increased the annual amount of heat energy by 18% in the cold climate of zone 7.  
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5 Conclusion and Recommendations    

This research project advanced our knowledge of indoor environmental quality in First 

Nations schools through collecting data to improve the overall performance of the school 

and reduce or eliminate harmful health effects. This research revealed several important 

issues related to indoor environmental quality in the school.   

 The biggest problem was the poor IAQ in the classrooms. The Mann-Whitney U test 

found statistically significant associations between gender and satisfaction with indoor 

air quality. Females, compared to males, were found to be less satisfied with indoor air 

quality during the fall, winter, and spring seasons. In the school’s case, the HVAC sys-

tem experienced difficulties with providing cleaner air from the outside: washrooms 

smell, outdoor pollution, and mold or cellar-like odour were the most reported sources 

of poor IAQ. Statistically significant associations between satisfaction with IAQ, per-

formance, and health symptoms were revealed during the study.  

 Another significant issue was thermal discomfort. The HVAC system did not maintain 

a stable and comfortable level of temperature and humidity for occupants. The thermal 

discomfort was caused by high fluctuations of indoor air temperature and dry air espe-

cially during the winter and spring seasons. Statistically significant results showed that 

females were affected by the hot environment in the spring season more than males. 

The findings of the study suggested issues with the operation of the heating system and 

its inability to maintain comfortable indoor air temperatures. Records showed that 

spaces close to the center of the building had significantly higher temperatures com-

pared to the spaces at the end of the wings. Approximately half of the respondents 
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expressed their need to control or adjust the temperature of the classroom. The results 

of the Spearman Rho test detected statistically significant associations between air tem-

perature, relative humidity, and adverse health symptoms. A linear regression estab-

lished that a decrease in mean T and an increase in mean RH were statistically signifi-

cantly associated with the rise in the score of having adverse health symptoms.  

 Thermal comfort was assessed by thermal imaging tests. Thermal imaging showed that 

the envelope had poor thermal performance. A few issues were identified such as heat 

losses through entrance doors, exterior doors, windows, and wall junctions with the 

roof. 

 The current study showed that approximately 40% of teachers were satisfied with light-

ing comfort. More than 60% of teachers reported their need to control the light so the 

visual discomfort would not affect their health. The Spearman Rho test revealed a sta-

tistically significant association between satisfaction with lighting quality and teacher's 

performance in the fall season.  

 Over 40% of teachers were satisfied with acoustics comfort while a third of respondents 

felt discomfort with noise. Echoing negatively influenced the quality of speech com-

munication between teachers and students and contributed to a worse acoustic climate 

in the classroom. The Spearman Rho test found statistically significant correlations be-

tween satisfaction with acoustics quality and other areas (nearby classrooms and corri-

dors), washrooms, and outside areas. Both external and internal noise affected school 

teacher’s performance and health. These facts were confirmed by statistically signifi-

cant associations between acoustics, performance, and headaches. 

 The results of teachers’ satisfaction with different aspects of the indoor environment 
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sometimes were found not significant and this fact is disappointing. At the same time, 

teachers left numerous comments about their dissatisfaction with indoor environment 

parameters. The lack of statistical significance could be due to the size of the sample 

studied but also due to the inaccurate filling of the questionnaires. Larger samples of 

several schools and teachers would improve the generalizability of the study.   

The current study represents one of the few indoor environmental quality studies carried 

out in First Nations schools in Canada. Gathered information allowed us to understand the 

main issues that adversely affect both indoor environmental quality and the energy perfor-

mance of the school. Therefore, we proposed to the school authorities the following rec-

ommendations composed of measures that can be immediately applied without significant 

investments and those that involve more intensive renovations through more substantial 

investments. There are two pathways for refurbishment measures. First is a low-cost and 

easy to implement pathway that includes the following measures: 

1) Proper maintenance of the HVAC system 

Cleaning of the air ducts, grilles, dampers, and changing of the filters is a low-cost measure 

that would have a positive effect on occupants’ health and performance. Furthermore, local 

or central humidifiers should be introduced to improve air quality.  

2) Planting of the trees and installing of interior landscape plants 

The most cost-effective measure to increase the humidity of the indoor air is to install in-

terior landscape plants, and particularly beneficial for indoor air quality are air-filtering 

plants recommended by NASA (NASA 1989). Additionally, rows of trees and bushes 

should be planted strategically (e.g. on the north side of the school) around the school to 

decrease the negative impact of the winds from Lake Winnipeg and to reduce solar gains 
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in the summer (e.g. south-west side of the school).  

3) Replacement of lights with LED lighting 

Daylight could be used for energy savings and to improve teachers’ health. In this case, 

automatic photoelectric or manual dimming strategies such as photosensors, occupancy 

sensors, and time switches will help to efficiently balance daylight and electric light. An-

other low-hanging fruit that can considerably improve lighting quality and reduce electric-

ity consumption is the replacement of existing technically obsolete lighting with light-emit-

ting diodes (LED) lighting.  

4) Replacement of doors and windows, walls, and roof insulation. 

Replacement of the leaky and poorly insulated external doors would significantly reduce 

the effect of undesirable local cooling of the human body that represents a severe thermal 

comfort problem. Consequently, it would reduce infiltration and exfiltration. Another use-

ful measure that would result in overall performance improvement of the school includes 

the insulation of the east and west walls. It would increase the thermal comfort of the class-

rooms at the end of the wings that have the lowest indoor air temperatures and the most 

dissatisfied occupants. The moderately expensive measure should include roof insulation. 

All of the above-mentioned measures would reduce heating losses and improve the energy 

performance of the building. 

5) Replacement of the existing HVAC sensor and introduction of a new sensor for better 

control of the system. 

Replacement of the existing HVAC sensor and the introduction of new sensors for better 

control of the system represents a moderately expensive energy-efficiency measure. In par-

ticular, this measure would have a positive impact on the thermal comfort of the occupants 
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and energy consumption through the introduction of adequate set point and set back tem-

peratures.  

The second pathway requires more substantial investments as it includes in-depth refur-

bishment measures: 

1) Deep renovation of the building envelope. 

When the building is sufficiently insulated, it will lead to an increase in energy efficiency, 

occupant’s comfort, and improving their quality of life. Deep renovation of the envelope 

should include optimal insulation of the external walls, floors, and ceiling/roof, as well as 

the replacement of all damaged and inefficient fenestration with more efficient ones.  

2) Modification of the HVAC system. 

The most economical solution would be the addition of a heat recovery system. Another 

viable solution is the addition of air-source heat pumps that will allow efficient condition-

ing during the favourable outdoor air temperatures. Furthermore, the heat pumps can trans-

fer the air from one area to another to reduce considerable variation in the indoor air tem-

peratures between different parts of the building.  

3) Addition of renewable energy systems. 

One of the effective and sustainable solutions includes the addition of the photovoltaic 

panels that will provide the electricity required by electrical appliances, lightings, and 

equipment. 

The efficient school retrofit options should include all the advantages of the abovemen-

tioned solutions to achieve energy, environmental, and school occupant’s health benefits.  
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6 Limitations and Future Research 

The limitations of this study that should be addressed by future research include:  

 The most significant constraint of this study is its small sample size related to the num-

ber of schools and classrooms. Thus, its findings and conclusions cannot be general-

ized, and further research should provide additional evidence about IEQ in First Na-

tions schools across Canada. In this respect, studies with more First Nation schools and 

larger classroom samples should either validate or not the results presented herein.  

 The research involved conducting on-site physical measurements of IEQ, so resource 

limitations such as a small number of measurement devices precluded a more extensive 

sampling of classrooms for analysis. Furthermore, the remoteness of the communities 

requires a significantly larger team.   

 Due to the small sample size, the surveyed population consisted of 56 teachers. Never-

theless, the response rate was high, allowing a comprehensive analysis of their re-

sponses and. Future research should include a larger population size.  

 Due to the limited resources, this research measured only three IEQ parameters, includ-

ing temperature, RH, and CO2. Thus, future research should expand the number of in-

vestigated indoor environmental quality parameters to enable a more comprehensive 

assessment of the indoor environment.  

 The questionnaire survey only included teachers. Consequently, the findings are lim-

ited to adults, and future research should consider students due to their higher sensitiv-

ity to environmental pollutants than adults. The students are excluded from the study 

for the following reasons. The content of the questionnaire might not be understandable 
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to students due to their young age. Furthermore, the length of the questionnaire could 

influence their ability to answer it correctly and reliably. Another reason for not sur-

veying children is the difficulty of obtaining parents' consent and ethics approval.  

 We did not collect noise and lighting comfort parameters, such as measurements of 

background noise or illuminance. Resource limitations, such as the lack of the needed 

equipment, precluded us from conducting measurements related to acoustics and light-

ing comfort. Noise measurements are essential, as many teachers often complain about 

noise during school hours. Future studies addressing the evaluation of noise in schools 

should include monitoring classroom reverberation time and background noise. Fur-

thermore, given the frequent complaints from teachers about lighting brightness levels, 

there’s a need to conduct a measurement of classroom illuminance levels to analyze the 

impact of lighting on the performance and health of school teachers and students. 

 The questionnaire was paper-based. Teachers filled them by hand, and sometimes it 

was challenging to interpret the handwriting. Sometimes, respondents gave two an-

swers to the same question or they marked the wrong section.  In these cases, the re-

sponses were excluded from the analysis. Future research should include online ques-

tionnaires that would mandate the answering of all or specific questions.   
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Appendix 1   

Summary of survey responses 

 

Section 1 Demography 

 

1. What is your gender? 

 

Female 

Male 

 

 

43 

13 

 

2. For how long have you been working in this school? 

 

Less than 1 year 

1 to 3 years 

More than 3 years 

 

3 

17 

36 

  

3. On average, how many hours per week do you spend in the classroom that you use 

the most? 

10 or less than 10 

11 to 20 

21 to 30 

More than 30 

4 

2 

17 

33 
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4. On average, how many students do you have in the classroom that you use the 

most? 

10 or less than 10 

11 to 15 

16 to 20 

More than 20 

8 

7 

25 

15 

 

5. Please indicate in which classrooms you teach this school year 

 

6. Please indicate which grades you teach in this school year 
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Section 2 General satisfaction or dissatisfaction with the school’s condition 

 

1. On average, how satisfied or dissatisfied are you with the following conditions of 

your school? 

 

 

    

Very 

dissatis-

fied 

Moder-

ately dis-

satisfied 

Slightly 

dissatis-

fied 

Neu-

tral 

Slightly 

satis-

fied 

Moder-

ately sat-

isfied 

Very 

Satis-

fied 

Cleanli-

ness Fall  8 8 13 12 9 4 2 

 

Win-

ter 12 9 15 9 7 2 1 

 

 

Spring 10 12 15 10 6 1 1 

Mainte-

nance Fall  6 5 12 17 7 6 3 

 

Win-

ter 8 5 12 13 9 6 2 

 

 

Spring 7 5 12 14 9 6 2 

Ventila-

tion sys-

tem Fall  14 8 22 7 2 1 2 

 

Win-

ter 18 8 19 7 2 1 0 

 

 

Spring 14 11 21 6 1 1 1 
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2. Overall, how satisfied or dissatisfied are you with your school? 

 

Very dis-

satisfied 

Moder-

ately dis-

satisfied 

Slightly 

dissatisfied Neutral 

Slightly 

satisfied 

Moder-

ately satis-

fied 

Very Satis-

fied 

     4       5 19    15      8       4 1 
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Section 3 Indoor Air Quality 

1. On average, how satisfied or dissatisfied are you with the air quality of the office 

that you use most? 

 

  

Very dis-

satisfied 

Moder-

ately dis-

satisfied 

Slightly 

dissatis-

fied Neutral 

Slightly 

satisfied 

Moder-

ately sat-

isfied 

Very 

Satisfied 

Fall 9 13 15 11 6 2 0 

Winter 8 15 16 11 5 1 0 

Spring 8 12 19 10 5 1 1 

 

2. On average, how you rate below listed indoor air quality issues in the office that 

you use the most? 

Air smells bad 

  

Not 

prob-

lem at 

all 2 3 

Moder-

ately 5 6 A major problem 

Fall 

 

7 11 14 8 6 4 5 
 

Winter 9 10 11 9 5 4 7 
 

Spring 8 6 14 10 4 6 7 
 

 

Ais is stuffy 

  

Not 

problem 

at all 2 3 

         

Moder    

ately 5 6 

A major 

problem 

Fall 10 5 11 9 8 7 5 

Winter 8 5 15 7 5 9 7 

Spring 9 5 13 10 5 7 6 
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Air is dusty 

  

Not 

problem 

at all 2 3 

Moder-

ately 5 6 

A major 

problem 

Fall 8 9 10 9 9 6 5 

Winter 10 8 11 10 5 6 6 

Spring 8 5 12 13 5 7 5 

 

3. On average, how frequently do your students use glue, paint, enamels, or other 

products for artwork with an irritant smell in the classroom that you use the most? 

 

  Never 
Once to 5 times a 

month 

5 times to 10 

times  a month 

More than 10 

times a month 

Fall 11 32 7 3 

Winter 9 26 12 4 

Spring 9 29 10 3 

 

4. Which do you recognize as the source of poor indoor air quality in the classroom 

that you use the most? Please check ALL that apply. 

Sources of poor air quality 

 

Number 

 

Furniture smell 11 

Smoking smell  5 

Art supplies and equipment like printer 5 

Outdoor pollution like dust which enters the building 32 

Washrooms smell 45 

Cooking 19 

Chemical substances smell (like cleaners) 16 

Visible signs of moisture damage 27 

Mold or cellar-like odour 34 
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5. Have you ever noticed a moldy/earthy or cedar-like odour inside your school 

building? 

No  - 22;  Yes  - 34 

6. If your answer in Question 5 is YES, please indicate the spaces in which you 

have noticed moldy/earthy or cedar-like odour. Please check ALL that apply. 

 

Location Number 

Classrooms 20 

Gym 9 

Bathrooms 26 

Kitchen 1 

Canteen 1 

Offices 7 

Basement 5 

None 1 

 

7. Have there ever been visible signs of moisture damage such as damp stains or 

sports, deterioration or darkening of surface materials in the ceiling, walls, or floors, 

or signs of condensation of water on surfaces in the classroom that you use the 

most? 

No  - 29;  Yes  - 27 

8. Does the indoor air quality of the office that you use the most affect your ability 

to do your work at school? 

No  - 40;  Yes  - 15; one respondent gave two answers (Yes and No) 

9. If your answer in Question 8 is YES, how do you describe this effect? 

 

10. Please indicate if you have any comments about the indoor air quality of the of-

fice that you use the most. 
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Section 4 Thermal Comfort 

 

1. On average, how do you feel about the temperature of the office that you use the 

most? 

 

  Cold Cool 

Slightly 

cool Neutral 

Slightly 

warm Warm Hot 

Fall 6 5 9 18 3 2 7 

Winter 12 5 10 10 0 4 7 

Spring 2 0 8 16 6 7 7 

 

2. On average, how satisfied or dissatisfied are you with the following parameters 

in the office that you use the most? 

 

  Air humidity Air movement Temperature 

  Fall 

Win-

ter Spring Fall 

Win-

ter Spring Fall 

Win-

ter Spring 

Very dissat-

isfied 10 10 9 10 14 9 9 11 10 

Moderately 

dissatisfied 10 12 12 14 12 14 16 16 15 

Slightly 

dissatisfied 16 14 14 13 11 13 13 13 12 

Neutral 15 12 16 14 13 13 12 11 13 

Slightly sat-

isfied 2 3 1 2 3 2 3 1 3 

Moderately 

satisfied 1 1 1 1 1 1 2 2 1 

Very Satis-

fied 2 1 1 1 1 1 1 1 1 
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3. During a usual school day, are the windows open in the office that you use the 

most?  

No  27 Yes 27 

4. If your answer in Question 3 is YES, on average how long are the windows 

opened during a usual school day? 

Season Less than 1 hour 1 to 3 hours More than 3 hours 

Fall 4 11 16 

Winter 18 8 5 

Spring 1 8 25 

 

5. If your answer for Question 3 is NO, what is the reason for not opening win-

dows? 

  Fall Winter Spring 

It is not needed 8 2 4 

It is noisy outside 0 0 0 

It is cold outside 2 15 0 

It is dusty/smelly outside 4 0 4 

None 9 7 11 

 

6. Which of the a to k clothing ensembles do you typically wear in the classroom 

that you use the most? 

  a b c d e f g h i j k 

Fall 5 5 3 3 7 15 9 17 6 7 6 

Winter  0 2 1 4 5 11 7 22 6 7 12 

Spring 9 4 3 5 15 11 7 10 4 6 4 

 

7. Have you ever complained to a manager/supervisor/staff at your school about 

the thermal conditions of the classroom that you use the most? 

No 23  Yes 30 
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8. If your answer in Question 7 is YES, was the problem addressed by a man-

ager/supervisor/staff after your complaint? 

No 18   Yes 19  

9. Do you need to control or adjust the temperature by yourself in the classroom 

that you use the most? 

No 27  Yes 29 

10. If you answer to Question 9 is YES, how do you do that? Please check ALL that 

apply. 

Window 

blinds or 

shades 

Thermo-

stats 

A hot or 

cold drink 

Open-

ing/closing 

windows 

 Portable 

fans 

Adding/re-

moving a 

layer of 

clothing None 

       
18 19 12 22 15 21 1 

 

11. Which of these options are NOT available to you or you cannot control by your-

self in the office that you use the most? Please check ALL that apply. 

Window 

blinds or 

shades 

Thermo-

stats 

A hot or 

cold drink 

Open-

ing/closing 

windows 

 Portable 

fans 

Adding/re-

moving a 

layer of 

clothing None 

       
19 32 7 15 24 3 7 
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12. Which of these options are NOT available to your students or they cannot con-

trol by themselves in the classroom that you use the most? Please check ALL that 

apply. 

Window 

blinds or 

shades 

Thermo-

stats 

A hot or 

cold drink 

Open-

ing/closing 

windows 

 Portable 

fans 

Adding/re-

moving a 

layer of 

clothing None 

       
27 37 10 24 30 4 3 

 

13. Does the thermal condition of the office that you use the most affect your ability 

to do your work at school? 

No 32  Yes 23 

14. If your answer in Question 13 is YES, how do you describe this effect? 

 

15. Please indicate if you have any comments about the thermal condition of the 

classroom that you use the most. 
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Section 5 Health Syndromes 

 

1. Have you ever had any of the following symptoms? 

Skin (dry, itching, 

eczema, rash) 

No 10 

Feeling like getting 

a cold 

No 9 

yes, in Fall 25 yes, in Fall 25 

yes, in winter 40 

yes, in win-

ter 39 

yes, in spring 22 

yes, in 

spring 18 

Eyes: swol-

len/red/burning, 

itching, dry/teary 

No 21 

Having a cold/In-

fluenza/Fever 

No 12 

yes, in Fall 18 yes, in Fall 18 

yes, in winter 26 

yes, in win-

ter 29 

yes, in spring 22 

yes, in 

spring 13 

Nose: Runny, itch-

ing, sneezing, 

stuffy, blocked 

No 9 

Headache 

No 13 

yes, in Fall 26 yes, in Fall 28 

yes, in winter 41 

yes, in win-

ter 35 

yes, in spring 24 

yes, in 

spring 25 

Throat: fry 

cough/dry/sore 

No 13 

Malaise/Fatigue 

No 14 

yes, in Fall 20 yes, in Fall 25 

yes, in winter 36 

yes, in win-

ter 33 

yes, in spring 18 

yes, in 

spring 23 

Wheezing the 

chest/difficult 

breathing 

No 24 
   

yes, in Fall 11 
   

yes, in winter 20 
   

yes, in spring 10       
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2. Do you smoke tobacco? 

No 33 Yes 23 

3. Are you subjected to tobacco smoke at home? 

No 34 Yes 20 

4. Are you asthmatic? 

No 47  Yes 9 

5. To your knowledge, are there asthmatic students in the classroom that you use 

the most? 

No 16 Yes 15 I do not know 25 

 

6. If your answer in question 5 is YES, what percentage of students have asthma? 

10 or less than 10 

11 to 20 

21 to 30 

More than 30                             

11 

4 

0 

0 

 

7. Do your health syndromes mention in Questions 1 in this section affect your abil-

ity to do your work at school? 

No 32  Yes 23  I do not know 1 

8. If your answer in Question 7 is YES, how do you describe this effect? 

 

9. Please indicate if you have any comments about the health syndromes you have 

experienced. 
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Section 6 Lighting 

1. On average, how satisfied or dissatisfied are you with the overall lighting in the 

office that you use most? 

  Fall Winter Spring 

Very dissatisfied 7 8 7 

Dissatisfied 2 1 1 

Slightly dissatisfied 11 10 12 

Neutral 13 15 13 

Slightly satisfied 9 9 8 

Satisfied 9 8 10 

Very satisfied 4 4 3 

 

2. On average, how satisfied or dissatisfied are you visually with reflection and 

glare in the classroom that you use most? 

  Fall Winter Spring 

Very dissatisfied 4 4 3 

Dissatisfied 1 2 2 

Slightly dissatisfied 13 11 13 

Neutral 18 17 16 

Slightly satisfied 7 7 6 

Satisfied 6 8 9 

Very satisfied 5 5 4 

 

3. During a usual school day, is natural light used in the office that you use the 

most? 

No 32  Yes 24 

4. If your answer in Question 3 is YES, on average how long is the natural light 

used? 

Season Less than 1 hour 1 to 3 hours More than 3 hours 

Fall 5 7 14 

Winter 5 8 14 

Spring 4 5 17 
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5. Do you need to control or adjust lighting by yourself in the office that you use 

the most? 

No 32  Yes 24 

6. If your answer in Question 5 is YES, how do you do that? Please check ALL that 

apply. 

Window blinds or shades 23 

Light dimmer 5 

Light switch 36 

None 0 

 

7. Which of these options are not available to you or you cannot control by yourself 

in the office that you use the most. Please check ALL that apply. 

Window blinds or shades 13 

Light dimmer 30 

Light switch 4 

None 16 

 

8.  Which of these options are not available to your students or they cannot control 

by themselves in the classroom that you use the most. Please check ALL that apply. 

Window blinds or shades 20 

Light dimmer 27 

Light switch 9 

None 13 

 

9. Does the lighting of the office that you use the most in this school year affect 

your ability to do your work at school? 

No 48  Yes 8 

10. If your answer in Question 9 is YES, how do you describe this effect? 

 

11. Please indicate if you have any comments about the lighting quality of the class-

room that you use the most 
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Sections 7 Acoustics 

1. On average, how satisfied or dissatisfied are you with the noise level in the office 

that you use most? 

  Fall Winter Spring 

Very dissatisfied 2 2 2 

Dissatisfied 6 6 6 

Slightly dissatisfied 11 11 11 

Neutral 12 14 11 

Slightly satisfied 11 10 12 

Satisfied 7 6 7 

Very satisfied 7 7 7 

 

2. On average, how satisfied or dissatisfied are you with the quality of speech com-

munication between you and students in the classroom that you use most? 

  Fall Winter Spring 

Very dissatisfied 5 5 5 

Dissatisfied 5 5 5 

Slightly dissatisfied 14 14 14 

Neutral 9 8 8 

Slightly satisfied 10 12 12 

Satisfied 9 8 8 

Very satisfied 3 3 3 

 

3. On average, how much does the noise from the following items disturb you in the 

classroom that you use the most? 

  

HVAC Teaching 

equipment 

Washrooms 

and other 

plumbing 

noise 

Other areas 

(classrooms, 

corridors) 

Outside 

Not at all 23 25 26 11 17 

2 9 10 11 13 6 

3 6 7 6 6 7 

Moderately 9 7 6 10 8 

5 5 3 2 5 7 

6 2 3 1 6 5 

Very disturbing 1 0 2 4 5 
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4. Does the acoustics quality of the office that you use the most in this school year 

affect your ability to do work at school? 

No 47  Yes 8  

5. If your answer in Question 4 is YES, how do you describe this effect? 

 

6. Please indicate if you have any comments about the acoustics quality of the class-

room that you use the most 

 


