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 The spaces of the universities are among spaces in which it is necessary to provide indoor air 

quality, it focuses on airborne pollutants, health, safety, and thermal comfort issues, which will 

reflect positively on the health and performance of occupants, as universities are under 

increasing pressure to deal and respond with climate changes and sustainable development 

issues and other challenges associated with them. The University of Baghdad is among the 

prestigious universities at the level of Iraq and the Arab world as a whole, and to face the hot 

and dry climatic challenges of Baghdad city and ensure the strengthening of the immunity of 

the occupants in the educational buildings, the research problem was represented by testing 

indoor air quality in educational spaces and knowing its effects on the occupants. Therefore, 

the study evaluated two types of educational spaces (studio and classroom) in two evaluations, 

the first is the objective evaluation, which uses sensors to monitor indoor air quality, where 

(CO2, temperature, and relative humidity) were evaluated, and the second evaluation is a self-

assessment, where the distribution of questionnaires on students, that tested the effect of air 

quality and appear disease symptoms on them, was monitored in two different evaluation 

periods, summer and winter. The obtained results showed that CO2 concentration levels were 

above the recommended limits in both spaces but the temperature and humidity are in an 

acceptable range. So based on the measured results, methods are proposed to improve indoor 

air quality in the classroom, and then came up with recommendations could be applied in 

similar spaces in the future. 
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1. INTRODUCTION 

 

The indoor environment quality (IEQ) of buildings 

determines the human dimensions, including physical comfort 

and human psychology, to provide comfortable and healthy 

internal environments for human work, and the quality of the 

internal environment takes into account its effects on human 

health and performance, including indoor air quality, thermal 

comfort, natural daylight, visual comfort, acoustics, 

electromagnetic frequency levels, monitoring of working 

environments, potable waters, Functional Convenience and 

view [1-3]. 

In recent years, indoor air quality (IAQ) has become an 

internationally recognized issue, that has attracted the 

attention of researchers and building occupants to improve the 

air quality in building spaces [4]. The optimum indoor air 

quality (IAQ) in the building spaces was defined according to 

(ASHRAE (62.1-2016) as the air that does not contain 

pollutants, and the occupants of the building express 

satisfaction with it at a rate of no less than (80%), and the 

studies conducted by the United States Environmental 

Protection Agency (USEPA), that the presence of pollutants in 

indoor environments is more dangerous than the presence of 

pollutants in outdoor environments, which are often five times 

higher than pollutants in outdoor environments, The 

percentage may reach (100%) in extreme cases [5]. 

Students in classrooms are exposed to indoor pollutant 

sources, and providing good indoor air quality is very 

important to them since poor IAQ could potentially affect 

students’ comfort, productivity, and academic achievement [6, 

7]. Therefore, investigating indoor air quality and indoor 

environmental quality in educational spaces helps determine 

the levels of pollutants and provides guidelines for providing 

good conditions for indoor air quality in educational spaces. 

Indoor air quality is affected by a variety of outdoor air 

pollution sources such as traffic, construction, industrial, and 

combustion activities [8], as well as indoor sources such as 

ventilation equipment, furniture, and human activities which 

include (the number of students in class, lessons durations, 

breaks between lessons) [9].  

The association between IAQ in the classroom, student 

absence, health, or educational performance; and productivity 

has been the subject of several recent research. Researchers 

realized that inadequate ventilation is a major factor affecting 

the student’s health and performance [10], as exposure to air 

pollutants may cause many diseases [11], such as irritated eyes 

or nose, blocked nose, headache, and so forth [12], 

cardiovascular disease [13], Sick building syndrome 

symptoms [14], and several respiratory diseases [15]. 

Given the recent spread of diseases and epidemics around 

the world, including COVID-19, and its negative impact on 

the closure of educational buildings, many countries have 

taken public and social health measures that work to operate 

educational buildings and to ensure that the risks of injury to 

their occupants are reduced, and among these steps is to 

provide Natural ventilation inside the spaces of the buildings 
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[16].  

Natural ventilation is defined as: “The process by which 

fresh air is provided to the building spaces, and rotten (impure) 

air is removed from them.” In the external environment, it is 

usually pure because it contains oxygen gas (O2) necessary for 

breathing, and spoiled air is the air confined within closed 

spaces and contains pollutants, such as carbon dioxide (CO2), 

microorganisms, odors, and particles resulting from textiles, 

cooking and carpets, ...etc. In addition, fresh air is used to 

remove heat from the space, and thus improve thermal comfort 

in the summer, and ventilation is usually used as a mechanism 

for cooling, and the required airflow. Natural ventilation is one 

of the passive design strategies, and passive design strategies 

refer to the use of natural means to reduce the need for 

mechanical systems, achieve balanced conditions for the 

building’s internal environment and reach high levels of 

thermal comfort for its occupants [17].  

The CO2 concentration is monitored and used as a proxy for 

ventilation performance [18]. CO2 has been used as a 

ventilation indicator since 1858. Later, CO2 monitoring 

became gradually a convenient way to monitor IAQ [19]. A 
CO2 concentration of 1800 mg/m3 (or 1000 ppm) was often 

taken as the upper limit for a good IAQ, according to the 

previous version of ASHRAE (American Society of Heating, 

Refrigerating and Air Conditioning Engineers) Standard 62.1-

2016, Ventilation for Acceptable IAQ [20]. At this time, 

relevant standards mainly use the minimum ventilation rates 

as the design criteria, while CO2 is the most commonly used 

tracer gas for calculating ventilation rate [21]. However, CO2 

monitoring protocols used in these studies varied a lot: the 

numbers and locations of sensors mainly depended on 

researchers’ personal experiences [22].  

One of the standards for CO2 monitoring is the ISO 

(International Organization for Standardization) [23, 24], 

according to which the sampling location is suggested to be in 

the center of the space with a height of 1.0-1.5 m above the 

floor, representing the breathing zone of the occupants. 

However, in ANSI/ASHRAE Standard 62.1, the height of the 

breathing zone is described as 0.75-1.8 m above the floor [25] 

and based on that the LEED recommends 0.9-1.8 m above the 

floor as the sampling height for CO2 [26], in the terms of the 

horizontal location instead of the center, ASTM International 

former (American Society for Testing and Materials) 

stipulates that the measurement point should be in 2.0 m away 

from occupants to avoid local effects [27]. 

The studies showed that an infected-speaking person in a 

space can led to levels of virus-containing aerosols able to 

cause an infection in other occupants breathing the air in the 

same space [28]. In fact, in conditions where the relative 

humidity is far below 100%, droplets emitted during speaking 

quickly lose their water content, and much smaller droplet 

cores with sizes below about 10 μm remain airborne for 

minutes to hours, and thus, they can diffuse by thermal 

convection, turbulence, and other air movements and 

accumulate in a closed space. Based on this evidence, the 

World Health Organization (WHO) published guidelines to 

help policymakers run educational spaces as safe as possible 

during the COVID-19 pandemic. More specifically, the 

guidance suggests maintaining a clean environment by 

disinfection of surfaces and shared objects and ensuring 

effective ventilation by frequently opening windows and doors. 

Enhanced ventilation may be a key element in facing the 

spread of COVID-19 in enclosed environments, especially, in 

densely seated classrooms [29-31]. 

Also, for  appropriate temperature and humidity controls in 

educational spaces, continued environmental stress can drain 

students’ physical and mental resources which ultimately 

affects their performance, and the indoor environmental 

variables like air temperature, relative humidity, mean radiant 

temperature, air velocity, clothing levels during lecture hours, 

and the amount of physical activity done in the classroom 

affects the human thermal comfort sensation. So that has the 

acceptable range for temperature in winter is (20-23)℃, and 

in summer the acceptable range of temperature is (22-25)℃, 

as for the humidity has an acceptable range in summer and 

winter is between 30-60% [32, 33].  

Based on the previous literature, indoor air quality 

significantly impacts the occupants' health, immunity, and 

productivity, and poor indoor air leads to the formation and 

spread of several respiratory and epidemic diseases.  

Therefore, the researchers tested two types of university 

educational spaces in the Department of Architecture to know 

the indoor air quality based on the criteria of ideal ranges of 

CO2, temperature, and humidity. 

 

 

2. MATERIALS AND METHODS 
 

The research will adopt an experimental analytical 

methodology to study the indoor air quality of educational 

spaces. 

The research aims to achieve healthy indoor air quality in 

educational spaces to improve the immunity of students, this 

is done by checking the indoor air quality of the winter and 

summer seasons during different periods and then coming up 

with recommendations that could be applied in similar spaces 

in the future to avoid indoor air pollution, this will be done 

through the following steps: 

1. Description of the case study area and climatic conditions. 

2. Objective and subjective measurement in the studio and 

classroom in Summer and Winter. 

3. Analysis results of objective and subjective measurement. 

4. Recommendation to avoid indoor air pollution. 
 

2.1 Description of the climatic conditions and case study 

area 
 

For the current study, teaching spaces of the Baghdad 

campus of the University of Baghdad were investigated. This 

campus is located in the urban area of Al-jadiryia (33◦16 N, 

44◦22 E). Baghdad has a hot dry climate in summers with cool 

winters.  In Baghdad, the average temperature ranges from 

9.5℃ (49°F) in January to 35℃ (95 °F) in July, when highs 

are as high as 44℃ (111°F). The summer is hot and the 

sunshine reigns supreme, with peaks around 50℃ (122°F): 

these temperatures make Baghdad one of the hottest capitals 

in the world. In winter, days are mild but nights are often cold, 

and the temperature may drop to a few degrees below freezing 

[34]. 

The architectural department is a two-story building with 

having capacity of 200 students from the age group 18 to 22 

years. A brief survey was conducted for data collection to 

identify indoor air quality, thermal comfort, and relative 

humidity and for thorough information collection of the 

monitored classroom and studio (Figure 1). A detailed 

description of the classroom and studio is given in Table 1. 
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Table 1. Description of monitored classrooms 

 
Space Type Windows Window Areas Doors Spaces of Areas No. of Occupants 
Classroom 4 9.36 m2 2 105.3 m2 35 

Studio 6 14.04 m2 2 153 m2 25 

 
 

Figure 1. Selected studio and classroom 

 

2.2 Objective measurements 

 

Indoor air temperature, relative humidity, and CO2 

concentrations were measured with a multifunctional 

measuring device (DESKTOP CO2 MONITOR), Model 7787 

Green Life. The device measures the carbon dioxide 

concentration in the range from 0 ppm to 10,000 ppm. Its 

sensitivity is 75 ppm for carbon dioxide and the precision is 

±3%. The accuracy for temperature is from 0℃ to +50℃ and 

the precision is ±0.5%. The accuracy for relative humidity is 

from 0% to 100% and the precision is 1.8%. A detailed 

description of the sensor is given in Table 2. 

 

Table 2. Specification of carbon dioxide meter 

 
Meter Picture Meter Name Meter Function 

 

DESKTOP CO2 

MONITOR 

Model 7787 Green 

Life 

-Measuring the  

proportion of CO2 

-Temperature 

-humidity 

 

The measuring device was placed in the center of the 

classroom at a height of 1.1 m above the floor. 

In the first phase of the research,10 measurements were 

made in the studio during the winter season, starting from 2 in 

January and to 4 in April month, and 6 measurements were 

taken daily for indoor air temperature, relative humidity, and 

hourly carbon dioxide concentrations (8:30 am, 9:30 am, 

10:30 am, 11:30 am, 12:30 pm, 1:30 pm). the floor area of the 

studio is 17.8 x 9 m, and it is important to note that the studio 

is located on the ground floor of the building in a northwest 

direction. The 26 students received consecutive lessons in 

architectural design  ،the first part of the lesson started at 8:30 

am, then a break at 10:30 am, and then continued the lesson 

from 11:00 am to 1:30 pm. During breaks, they opened 

windows to ventilate the room and reduce the CO2 

concentrations. The studio with a volume of 664.8 m3 and a 

capacity of up to 26 persons were naturally ventilated for 5 

minutes (1 door and 2 windows were opened) before 

measurement and after each lesson. Then all windows and 

doors were closed (during the lesson), and no forced 

ventilation or air-conditioning system was used in the studio. 

There were 6 windows and 26 desks from particleboard, 26 

leather stools, a blackboard for chalk, Display Screen, and 

flooring from mosaic tiles in the studio. 

The investigation was conducted during the winter semester 

and was conducted during successive lessons in Architectural 

Design every Monday and Thursday for 12 weeks. 
The results were discussed for 12 weeks. In the classroom 

were made 10 measurements during the winter season, starting 

from 2 in January to 4 in April, and 3 measurements were 

taken daily for indoor air temperature, relative humidity, and 

hourly carbon dioxide concentrations (8:30 am, 9:30 am, 

10:30 am). the floor area of the classroom is 11.7 x 9 m, and it 

is important to note that the classroom is located on the ground 

floor of the building in a northeast direction. The 35 students 

received the lesson,  the lesson started from 8:30 am to 10:30 

am. Before the lecture, they opened windows to ventilate the 

room and reduce the CO2 concentrations. The classroom with 

a volume of 436 m3 and a capacity of up to 56 persons were 

naturally ventilated for 5 minutes (door and 2 windows were 

opened) before measurement and after each lesson. Then all 

windows and doors were closed (during the lesson), and no 

forced ventilation or air-conditioning system was used in the 

studio. The classroom had 4 windows and 56 plastic chairs, a 

blackboard for chalk, Display Screen, and flooring from 

mosaic tiles. The investigation was conducted during the 

winter semester and was conducted during the lecture every 

Monday for 12 weeks. The results were discussed for weeks. 
In the second phase of the research,10 measurements were 

made in the studio during the summer season, starting from 4 

in April month and to 6 in June, and 6 measurements were 

taken daily for indoor air temperature, relative humidity, and 

hourly carbon dioxide concentrations (8:30 am, 9:30 am, 

10:30 am, 11:30 am, 12:30 pm, 1:30 pm). An investigation 

was performed in the same studio during the first stage of the 

research work. All windows and doors were opened for 5 

minutes before the lecture, and then they were closed. in the 

studio was used air-conditioning system was used in the 

classroom. The investigation was performed during the 

summer semester and was conducted during successive 

lessons in Architectural Design every Monday and Thursday 

for 8 weeks and the results were discussed for 8 weeks. 

In the classroom were made 10 measurements during the 

summer season, starting from 4 in April month and to 6 in June, 

and 3 measurements were taken daily for indoor air 

temperature, relative humidity, and hourly carbon dioxide 

concentrations (8:30 am, 9:30 am, 10:30 am). 

An investigation was performed in the same classroom 

during the first stage of the research work. All windows and 

doors were opened for 5 minutes before the lecture, and then 

they were closed. in the classroom was used air-conditioning 

system. 

The investigation was performed during the summer 

semester and was conducted during successive lessons every 

Monday for 8 weeks and the results were discussed for 8 

weeks. 
 

2.3 Subjective measurements 

 

A subjective assessment was conducted using a 

questionnaire in the university classrooms and studios to 

assess the indoor air quality and study the effect of indoor 

environmental parameters on students' performance and the 

possibility of the appearance of sick building syndrome 
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symptoms that can be distinguished from other symptoms. The 

form included the following information: 

Section One | General Information: The objective is to 

provide general information about the sample participating in 

the questionnaire, such as determining the age, gender, and 

type of space. 

Section Two | Indoor Air Quality Assessment: 

1- The objective is to determine a student's assessment of 

indoor air quality using five scales (stuffy, stagnant, 

dusty, spoiled, and clean). If the evaluation indicates 

(suffocation), then this means the lack of air exchange 

rates, either (stagnant), which means there is no air 

movement, either (dusty or spoiled), meaning the 

presence of various pollutants in the air, or the air is 

clean. 

2- Questions about air temperature in spaces by using five 

scales (warm, hot, very hot, cold, very cold, neutral). 

3- Questions about air humidity by using five scales 

(moist air, very moist air, dry air, very dry air, neutral). 

Section Three | Test for the presence of disease symptoms 

associated with buildings that formed because of air pollution: 

It includes questions about the students' suffering from the 

symptoms of Sick Buildings Syndrome, and the symptoms 

identified by the World Health Organization have been 

approved. The following symptoms have been mentioned in 

the questionnaire (sneezing, headache, itchy eyes, sinuses, dry 

skin, nausea, allergies, flu, sleepiness, and excessive noise). 

 

 

3. RESULTS 

 

3.1 Results of objective measurements 

 

The following graphs show average values of CO2 

concentrations, air temperature, and relative humidity in 

winter and summer semesters in the studio and classroom. 

Firstly: the average value of CO2, temperature, and 

humidity in the studio during the Winter season. 

We note that the average value of the CO2 level in the first 

part of the lecture, which is from (8:30-10:30) am is acceptable, 

but in the second part of the lecture, which is from (11:00 am-

1:30 pm), is unacceptable according to the standards that show 

that the concentration ratio of CO2 in the interior spaces, which 

is 1000 ppm. 

 

 
 

Figure 2. The average value of CO2 concentration (ppm) of 

the Studio in the winter season 

The average value of air temperature in the first part of the 

lecture, which is from (8:30-10:30) am is unacceptable, but in 

the second part of the lecture, which is from (11:00 am-1:30 

pm) is acceptable, according to the standards that show that 

the ideal degree in the interior spaces ranges from) 20-23℃. 

As for the relative humidity levels in indoor spaces, they are 

within the ideal standards according to the Environmental 

Protection Agency, where the ideal humidity range in space is 

between (30-50)%, or at least below 60% (Figures 2, 3, 4). 

Secondly: the average value of CO2, temperature, and 

humidity in the classroom during the Winter season. 

We note that the average value of the CO2 level in the first 

reading, which is at 8:30 am is acceptable, but the other 

readings, are unacceptable according to standards. 

The average value of air temperature is unacceptable 

according to standards. 

As for the relative humidity levels in indoor spaces, they are 

within the ideal standards according to standards (Figures 5, 6, 

7). 

Thirdly: the average value of CO2, temperature, and 

humidity in the studio during the summer season. 

We note that the average value of the CO2 level is 

unacceptable according to standards. 

The average value of air temperature is acceptable because 

they used air-conditioning system in the space. 

 

 
 

Figure 3. The average value of the temperature (℃) of the 

studio in the winter season 

 

 
 

Figure 4. The average value of the humidity (%) of the 

studio in the winter season 
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Figure 5. The average value of CO2 (ppm) concentration in 

the classroom in the winter season 

 

 
 

Figure 6. The average value of the temperature (℃) of the 

classroom in the winter season 

 

 
 

Figure 7. The Average value of the humidity (%) of the 

classroom in the winter season 

 

As for the relative humidity levels in indoor spaces, they are 

within the ideal standards according to standards (Figures 8, 9, 

10). 

Fourthly: the average value of CO2, temperature, and 

humidity in the classroom during the summer season. 

We note that the average value of the CO2 level is 

unacceptable according to standards. 

The average value of air temperature is acceptable because 

they used air-conditioning system in the space. 

As for the relative humidity levels in indoor spaces, they are 

within the ideal standards according to standards (Figures 11, 

12, 13). 

 

 
 

Figure 8. The average value of CO2 concentration (ppm) of 

the Studio in the summer season 

 

 
 

Figure 9. The average value of the temperature (℃) of the 

studio in the summer season 

 

 
 

Figure 10. The average value of the humidity (%) of the 

studio in the summer season 
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Figure 11. The average value of CO2 (ppm) concentration in 

the classroom in the summer season 

Figure 12. The average value of the temperature (℃) of the 

classroom in the summer season 

Figure 13. The Average value of the humidity (%) of the 

classroom in the summer season 

3.2 Results of subjective measurements 

The questionnaire forms were distributed to the students in 

the selected spaces, with an indication of the purpose of 

conducting the questionnaire.  

25 questionnaires were collected from the students in the 

studio and 35 questionnaires from the students in the 

classroom.  

The following are the results of the survey and its analysis: 

Section One  - general information  

Where the most important characteristic of the sample 

members is the diversity of the participants’ sample in gender 

and space, but these differences did not affect the results 

(Figures 14, 15). 

Figure 14. Number of students in the studio 

Figure 15. Number of students in the classroom 

Section Two  - Indoor Air Quality Assessment Results:  

The results of the questionnaire about the student’s 

assessment of indoor air quality in the studio were analyzed. 

Figure 16. shows students' dissatisfaction with indoor air 

quality. 

Figure 16. The assessment of IAQ from students in the 

studio 

The results of the questionnaire about the student’s 

assessment of air temperature in the studio were analyzed. 

Figure 17 shows students' satisfaction with air temperature. 
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Figure 17. The assessment of air temperature from students 

in the studio 

 

The results of the questionnaire about the student’s 

assessment of air humidity in the studio were analyzed. Figure 

18 shows students' satisfaction with air humidity. 

 

 
 

Figure 18. The assessment of air humidity from students in 

the studio 

 

The results of the questionnaire about the student’s 

assessment of indoor air quality in the classroom were 

analyzed. Figure 19 shows students' dissatisfaction with 

indoor air quality. 

 

 
 

Figure 19. The assessment of IAQ from students in the 

classroom 

 

The results of the questionnaire about the student’s 

assessment of air temperature in the classroom were analyzed. 

Figure 20 shows students' satisfaction with air temperature. 

 
 

Figure 20. The assessment of air temperature from students 

in the classroom 

 

The results of the questionnaire about the student’s 

assessment of air humidity in the classroom were analyzed. 

Figure 21 shows students' satisfaction with air humidity. 

 

 
 

Figure 21. The assessment of air humidity from students in 

the classroom 

 

 
 

Figure 22. Sick Building Syndrome Symptoms in students in 

the studio 

 

Section Three - Testing the sick building syndrome 

symptoms: 

The criterion for infection with sick building symptoms is 

generally the infection of at least one symptom with repeated 
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infection while inside the building, and these symptoms 

decrease or disappear immediately or gradually after leaving 

the building. The building is considered sick if 20% of the 

students have these symptoms, and the results showed that 

85% of the students suffer from sick symptoms in the studio 

and classroom (Figures 22, 23). 

 

 
 

Figure 23. Sick Building Syndrome Symptoms in students in 

the classroom 

 

 

4. CONCLUSIONS 

 

The study concluded, through the objective results 

presented, that the concentrations of CO2 in the classrooms 

and studios in summer and winter, greatly exceeded the limit 

value according to ASHRAE standards, while the temperature 

and humidity are in acceptable ranges.  

As for the subjective results (using the questionnaire), it was 

shown that the occupants are not satisfied with the indoor air, 

in addition to the appearance of several symptoms on them, 

which is the symptoms of the sick building syndrome, which 

negatively affected the immunity of the occupants and their 

health and productivity. 

The presented results, therefore, show that it is important to 

suggest optimization measures to reduce CO2 concentrations 

and ensure thermal comfort at the same time: 

1- Maximize outdoor air in indoor spaces by opening 

windows and doors to increase the airflow of outdoor air into 

the building, or by adjusting the building’s Heating, 

Ventilation, and Cooling (HVAC) system also to increase the 

amount of outdoor air that enters indoor spaces. 

2- Installation of permanent CO2 sensors in educational 

spaces to report if the CO2 level increased in the spaces. 

3- Installation of air filters and air Purifiers on air 

conditioners to make continuous filtration of the air. 

4- Disinfection and fumigation of the spaces. 

5- Regulating the number of students in proportion to the 

space, reducing lesson time, and increasing the number of 

breaks. 

6- Switch to using natural alternatives in cleaning materials. 

7- Adding indoor plants that reduce the concentration of 

VOCs in the air and improve occupants' well-being too. 

8- Replace chalkboards with whiteboards. 

9- Prioritize maintenance because replacing or cleaning an 

air conditioner’s filters is critical otherwise, “clogged, dirty 

filters block normal airflow” and reduce a system’s efficiency. 

10- Continue to monitor air quality, Because the air quality 

can change with the seasons, the weather, and light levels. 
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