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Table S1. Summary of published studies of levels of indoor particulate matter in school classrooms
	Authors
	Study
location
	Concentration of studied PM:
µg/m3 (PM type)
	Study characteristics and findings

	Braniš et al. (Braniš et al. 2005)
	A university lecture room in Prague, Czech

	Indoor: 42 (PM10); 22 (PM2.5); 14 (PM1) 
Outdoor: 39 (PM10)

	· Size of classroom floor: 117 m2; number of students in a classroom: up to 80
· Occupant was an important source of indoor coarse particles (PM2.5-10). 
· Indoor PM1 and PM2.5 concentrations were highly and significantly correlated with outdoor concentrations. 

	Stranger et al. (Stranger et al. 2008)

	Classrooms in twenty-seven primary schools in Antwerp, Belgium
	Indoor: 61 (PM2.5)
Outdoor: 52 (PM2.5)
	· Number of students in a classroom: 15-26
· Resuspension of dust by room occupants was the main contributor to I/O ratios 
    higher than unity. (Average I/O = 1.75)

	Weichenthal et al. (Weichenthal et al. 2008)
	37 classrooms from an elementary- and a secondary-school in Ontario, Canada
	Number concentrations were used for the study. 
Indoor: 5017/cm3 (PM1) Outdoor: 9448/cm3 (PM1) 
	· Average size of classroom floor: 79 m2 
· Windows were generally closed.
· Classroom ultrafine particle (UFP) number concentrations may be reasonably estimated from outdoor UFP data. 
· The estimates were not accurate in the presence of indoor sources of UFP.
· An increase in classroom UFP concentrations was apparent when school doors were open due to increased infiltration of outdoor air.

	Elbayoumi et al. (Elbayoumi et al. 2013, 2014, 2015)
	Classrooms of twelve schools in Gaza Strip, Palestine
	Indoor: 350 (PM10); 104 (PM2.5)
Outdoor: 150 (PM10); 35 (PM2.5)
	· Number of students in a classroom: 30-45
· Indoor PM2.5 and PM10 were positively correlated with outdoor concentrations.
· Elevated concentrations of indoor PM2.5 and PM10 were due to high concentrations of outdoor PMs from dust storm in winter and resuspension from the unpaved playground due to students’ high activities, and resuspension from the classroom floors and chalk dust from the blackboard due to student’s high indoor activities.



	Tran et al. (Tran et al. 2014)
	Classrooms in three elementary
Schools, North of France
	Indoor: 85 (PM10); 12 (PM2)
Outdoor: 35 (PM10); 7 (PM2)
	· Average size of classroom floor: 73 m2; number of students in a classroom: 24-27
· Children’s activities affected the suspended coarse PM fraction more strongly than the fine PM.
· The fraction of coarse particle increased significantly during the class hours.
· The impact of students’ activity increased with the particle size. 
· The concentration of coarse PM exceeded the national guidelines but the concentration of fine PM remained below the guidelines.
· I/O > 1 for PM2 and PM10 during the class hours and < 1 during the non-class hours.
· Window opening affected indoor PM concentrations.

	Chithra and Nagendra (Chithra and Nagendra 2014)
	Three classrooms in two schools, Channai, India
	Indoor: 136 (PM10); 36 (PM2.5); 20 (PM1)
Outdoor: 76 (PM10); 33 (PM2.5); 23 (PM1)
	· Average size of classroom floor: 44 m2; number of students in a classroom: 40-43
· A mass balance indoor air quality (IAQ) model was used to predict the indoor PM concentration in the classroom.
· The prediction accuracies (R2) were approximately 0.8 for PM1 and PM2.5, but poor for PM10 (R2 ~ 0.2) due to the unpredictable nature of human activities that strongly affected the coarse particle concentrations.

	Yang Razali et al. (Yang Razali et al. 2015)
	Three classrooms in three secondary schools, Malaysia
	Indoor: 31 (PM10); 18 (PM2.5); 16 (PM1)
Outdoor: 34 (PM10); 26 (PM2.5); 23 (PM1)
	· Average size of classroom floor: 61.4 m2; number of students in a classroom: 26-31
· Indoor PM concentrations were not influenced by outdoor concentrations.
· Indoor PM concentrations were lower than the national standards of Malaysian, Singapore, and Hong Kong. 
· Windows were open during the class hours.
· I/O ratios increased with particle size. 
· The higher I/O ratio for PM10 resulted from the generation of coarse particles by students’ activities.

	Liu et al. (Liu et al. 2018)
	Two unoccupied classrooms of a university in Nanjing, China
	Indoor: 15 (PM2.5)
Outdoor: 40 (PM2.5)
	· Average size of classroom floor: 55 m2
· The study examined the influence of natural ventilation rate on PM2.5 deposition.
· The deposition rate was linearly associated with the natural ventilation rate.
· The merits of natural ventilation could be evaluated using the concept of the balance-point outdoor concentrations at which the air exchange rate did not affect the I/O ratio after considering the impact of indoor generation and resuspension.

	Othman et al. (Othman et al. 2019)
	A classroom in an elementary school in Kuala Lumpur, Malaysia
	Indoor: 11.2 (PM2.5)
Outdoor: 11.4 (PM2.5)
	· Size of the classroom floor: 105 m2; number of students in a classroom: 31
· The source or resuspension due to student activities was the main contributor to indoor PM2.5.
· A maximum I/O ratio of PM2.5 was determined when the classroom was unoccupied to demonstrate the importance of outdoor source contribution to indoor PM2.5.

	Park et al. (Park et al. 2020)
	102 classrooms from 34 elementary schools located on the mainland peninsula and an island, Korea
	Indoor: 44.9 (PM10); 11.5 (PM2.5)
Outdoor: 32.4 (PM10); 12.6 (PM2.5)
	· Average size of classroom floor: 68 m2; mean number of students in a classroom: 23.4
· Average I/O: 2.0 for PM10 and 1.3 for PM2.5
· Correlation between indoor and outdoor PM2.5 was higher than that of PM10. 
· School location, classroom occupant density, and ambient PM levels significantly affected classroom PM concentrations.
· Adjusted PM levels in classrooms using air cleaners were significantly lower by 35%.

	Zhou et al. (Zhou et al. 2021)
	Classrooms in a primary schools, North China


	Indoor: 20-100 (PM2.5)
Outdoor: 40-95 (PM2.5)

	· Average size of classroom floor: 62 m2; number of students: 55
· Quantitative estimation of the impact of student behavior on indoor PM2.5 concentration was the main objective of this study.
· Increased student behavior resulted in the spike of the indoor PM2.5 concentration.
· Time periods of students’ activities were incorporated into the student source strength model.

	Mohammadyan et al. (Mohammadyan et al. 2017)
	Six classrooms in six primary schools, Iran
	Indoor: 397 (PM10); 47 (PM2.5); 18 (PM1)
Outdoor: 37 (PM1)
	· Average size of classroom floor: 29.8 m2; number of students in a classroom: 14-37
· The I/O ratios were higher than 1 for PM1, PM2.5, and PM10.
· Outdoor PM2.5 concentration was the most significant predictor of the indoor PM concentrations.



2.2 Measurements
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	Figure S1. Schematics of sensors installation in a school (a) classroom indoor, and (b) outdoors on a flatform in a school playground
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	(a) School A
	(b) School B
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	(c) School C
	(d) School D
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	(e)

	[bookmark: _Hlk126240439][bookmark: _Hlk126240529][bookmark: _Hlk126240542]Figure S2 Logarithmic plot of fan pressurization test result for reference classrooms in A-D schools (a-d) and representative photo of test installation (e)




2.3 Model development 
[bookmark: _Hlk99459134]As described in Section 2.2, the classroom operating conditions including the operations of windows, an air purifier, and a heater significantly affected indoor PM levels. Of the whole sampling period in Fig. S2, we selected the time segments for model development that the classroom operating conditions satisfied the baseline operating conditions in Table 1, except for the ones with the extremely high level of students’ indoor activity between 10:50 and 11:30 am in school B. Although the classroom schedules slightly varied among schools, the first class usually began at 9:00 a.m. and each class lasted 40 minutes followed by 10‒20 minutes of break time until 12:10 p.m. Fig. S2 shows that the pattern of changes in the indoor PM concentrations matches with that in student activity levels grouped by class or break time (Zhou et al. 2021; Park et al. 2020; Elbayoumi et al. 2013, 2014, 2015; Tran et al. 2014; Stranger et al. 2008; Braniš et al. 2005). As shown in Table 1, simple scenarios using the baseline operating conditions were assumed to simplify the model development. In the model development, students’ activity was represented with class schedule (class or break time) by which the model parameters were estimated as described earlier. The model assumption in Table 1 that the windows and doors were closed, is a typical condition during the episodes of high outdoor PM concentrations. Using the least squares method with the optimization packages of DEoptim (Ardia et al. 2020) and minpack.lm (Elzhov et al. 2016) for R language (R Core Team and Team 2019), we estimated model parameters (, , and  that best fit the data for each class and break time with the added condition that the model coefficients during breaks are greater than those during class hours. The determined model parameters are shown in Table 2. The model used PM1, PM1-2.5, and PM2.5-10 data instead of PM1, PM2.5, and PM10 to ensure that the model fitted PM values satisfied the inequality constraint (PM1 ≤ PM2.5 ≤ PM10) (Park et al. 2022). Then the model-fitted data for PM2.5 were reconstructed by simply adding the model-fitted PM1 to the model-fitted PM1-2.5, and for PM10, adding this PM2.5 to the model-fitted PM2.5-10.
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Figure S3. Comparison of the actual measurements (red line) and the model fitted values (red dot) for the classes in schools A (plot a), B (b), C (c), and D (d). The time segments where the measured and fitted data are overlapped were the ones that satisfied the reference conditions in Table 1 and that were actually used for model development. The shaded areas represent regular or lunch break.

2.4 Model validation
The fitting accuracy of the developed models was evaluated according to the ASTM D5157 standard that provides guidance for statistical evaluation of the IAQ model (Conshohocken 2013). In this study, the model performance (accuracy) metrics were the correlation coefficient (), slope (, and intercept () of the linear regression between the observed and model-fitted values, normalized mean squared error (), fractional bias (), and similar index of bias based on variance (). They were calculated as shown in Equations SI(1)–(6):
							SI(1)
							SI(2)
	 								SI(3)
	 							SI(4)
									SI(5)
								SI(6)
where , , , , and  are the observed data, model predictions, index for individual data point, variance, and number of collected data points, respectively. A bar over the symbol represents the mean value. The acceptable ranges of the model performance metrics for an adequate model were , , , , , and  (Conshohocken 2013).
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Figure S4. Ranges of the measured outdoor PM concentrations during the study. The colored boxes represent the interquartile ranges (IQR), and the thick horizontal lines show the medians. The whiskers are the extended minimum and maximum data within 1.5 times of IQR from the first and third quartiles, where the filled black circle represents outliers outside 1.5 times of IQR.  
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