SUPPLEMENTARY MATERIAL

Table Al. Summary of the data from studies examining the effect of classroom air quality on performance of psychological tests and school tasks by school children

Population Speed or reaction time Accuracy
. Measured COz Change in Change in
COz averaging concentration: Speeq or accuracy
. Age of | in original study range or levels Measurement of reaction er 100
Study Year Location Season Type Schools Pupils pupils (exposure (average performance time per Signif. Cohen's p ppm Signif. Cohen's
metric) Conc(entra)tion) (li(e):;)rgsg;:l P) d decrease P) d
ppm . N
in CO, in CO2
conc. conc.
Psychological tests
Measurements 2 Mean Simple reaction
Myhrvold et . before and classooms in concentration “mei Chqwe
1996 Norway Winter 550 15-20 . 600-3800 (2200) | reaction time; 0,1% 0.009
al. after 5 high during school- Col d
intervention g day orour-wor
schools vigilance
Myhrvold Measurements 3 Mean tsiirrfle]?lékrlz?g:on
&rs‘gn 1997 Norway Winter bef:;eef“d classrooms 600 16-19 ggﬁf“i;%g? 735-1515 (1125) | reaction time 0.66% N/A
. . in 8 high & Colour-word
(1997) intervention day .
schools vigilance
Slmple reaction 031% 0,02 0.28
time
i’fﬁﬂ;ﬁgz&s 1 Cl'fioom Concentration at Digit vigilance 0,10% 0,08 0,20 0,05% 0,44 0,08
Coley et al. 2007 England Summer 18 10-11 the onset of the 700- 2900 (1800) B B
Olzlegszgd elesféfgglﬂy test period gr‘l‘:ce reaction 0,23% 0,06 0,24 0,01% 0,75 0,04
Picture
presentation and 0,37% 0,15 0,22 0,07% 0,02 0,32
recognition
Measurements | 6 classrooms Concentration at
Ribic 2008 | Austria N/A. with windows 152 1516 | theonsetofthe | 870-3300 (2085) | 92 testof 044% | 0,001
open and & . attention
test period
closed schools
Measurements 6 classrooms .
o . with windows Concentration at d2 test of
Ribic 2008 Austria N/A in 2 high 152 15-16 the onset of the 870, 4300 (2585) . N/A 0,001
open and & . attention
test period
closed schools
tsigiple reaction 0,07% 033 0,05% 0,10
g::;me reaction 0,08% 0,05 0,02% 0,12
Autumn, Field 16 M Si‘)li‘l’;‘;;‘:"rd 0,06% 0,06 0,05% 0,05
Bako-Biro winter, intervention. classrooms conce:{?;tion Agdition reaction
2012 England spring and Ventilation in8 332 9-10 . 950- 3000 (1975) . 0,00% 0,25 -0,02% 0,16
etal. carly rates were clementary during the test time
summer changed schools period E}L%nlt;];an 0,15% 0,18 0,04% 0,47
Digit -0,05% 0,25 -0,01% 0,46
classification
E} ;%lctk'jryl;“b"l -0,23% 0,02 N/A 0,00% 0,44 N/A
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Picture memory -0,03% 0,25 N/A 0,35% 0,02 N/A
Word recognition 0,57% 0,001 N/A. 0,02% 0,27 N/A
School tasks
. Addition 0,17% 0,25%
Field
intervention 2 classrooms Mean
Bal;f'a?”o 2007 England N/A Ventilation eler;“eimy 40 9:10 53?;2“:;222; 650-1850 (1250) | Subtraction 0,22% 0,50%
ri;le:nw:(rle school period Readi d
€ cading and N/A NS N/A NS
comprehension
Subtraction 8,29% 0,01 0,31 2,09% 0,06 0,19
Multiplication 9,69% 0,01 0,10 3,37% 0,05 0,25
Number o o
. comparison 4,66% 0,04 0,32 -0,63% 0,75 0,27
Late Field 2l
Wargocki summer intervention. ¢ aisnsrlooms Weekly average Addition 6,85% 0,001 0,76 0,82% 0,23 0,15
g 2007 Denmark (August, Ventilation 44 10-12 (when pupils 775- 1000 (888) -
and Wyon elementa Logical
Y September rates were Yy were present) . -0,62% 0,49 0,04 0,84% 0,47 0,09
h d school reasoning
) change Acoustic proof-
. 0.69% 0,96 0,07
reading
f;;‘gii:;‘gon -0,30% 0,78 0,02 0,49% 0,58 0,06
Proof-reading 0,91% N/A 0,09
Subtraction 6,80% 0,01 0,51 -0,50% 0,20 0,17
Multiplication 2,20% 0,002 0,19 0,47% 0,32 0,07
Field
. . 2 classrooms Number
. 1,53% 0,62 0,12 0,04% 0,53 0,02
Wargocki 200 Winter intervention. in 1 Weekly average comparison ° ’
d Wyon 7 Denmark (January) Ventilation clemental 44 10-12 (when pupils 925- 1280 (1102) Logical
ane Wy y rates were Y were present) : 6,58% 0,003 0,51 -0,04% 0,63 0,01
h d school reasoning
change Acoustic proof-
- -0.22% 0,56 0,07
reading
f;;‘ﬁii:;’gon 10,79% 0,001 0,74 -0,04% 0.91 0,01
Subtraction 4,14% 0,19 0,31 -0,08% 0,66 0,02
Field 2l Addition 1,41% 0,24 0,11 0,13% 0,66 0,06
. Late intervention. classrooms Weekly average Logical
ogical
Wargocki 2007 Denmark summer Ventilation inl 48 10-12 (when pupils 900- 1125 (1012) gica -1,29% 0,57 0,10 -1,26% 0,29 0,14
and Wyon elementary reasoning
(August) rates were school were present) ‘Acoustic proof- X
changed . 0.20% 0.71 0.03
reading
Reading and 3,47% 0,01 0,22 1,33% 0,24 0,18
comprehension
Field
. intervention. Neuro-
de Gids et 2007 Nederland Spring Ventilation Elementary 47 10-11 N.A. 620-2125 psychological
al. rates were school (1373) tasks
changed
Addition 0,84% 0,01 0,16% 0,26
Field
Numb
Petersen et Autumn intervention. 4 claislfl'zc)oms Weekly average coli;rll}a?i-son 0,62% 0,03 0,12% 0,87
] 2015 Denmark (Septembe Ventilation ! " 40 10-12 (when pupils 880- 1510 (1195) Grammatical
ak r-October) rates were clementary were present) . -0,35% 0,04 1,02% 0,29
h d schools reasoning
change Reading and
. 0,50% 0,01 0,50% 0,24
comprehension
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Table A2. Summary of the data from studies examining the effect of classroom air quality on standard tests and rating schemes used to examine progress in learning

Population
Peak CO2
concentration
Range of back calculated
Study Year Location Season Type Age'of ventilation from ventilation Measurement of Effect
Schools Pupils pupils rates (L/s rates reported performance
per person) (measured CO2
concentration)
(ppm)
54
. classrooms . Percentage of students scoring satisfactorily and above on
Shaughnessy et 2006 I.JSA Wmtcjr and Cr(?ss- in 54 N/A 10 0.9-11.74 765-5200 Standard math and reading math test (passing the test) increased significantly (P<0.10)
al. (Midwest) spring sectional (2982) test scores s . o .
elementary with increasing ventilation; no effect on reading test scores
schools
2.9% higher number of students scoring satisfactorily and
104 above on math test (passing the test) for each 1 L/s per
Haverinen- classrooms person increase in ventilation rate; the effect was significant
Shauehnessy et 2011 USA Winter and Cross sectional in 104 5178 10 09-71 1000- 5200 Standard math and reading (P=0.033)
s 4 (Midwest) spring o (3100) test scores 2.7% higher number of students scoring satisfactorily and
al. elementary X .
above on reading test (passing the test) for each 1 L/s per
schools . . P -
person increase in ventilation rate; effect not significant
(NS)
60
. classrooms . .
Gaihre et al. 2014 Scotland Latc spring Crgss— in 30 N/A 67, N/A 590-2115 Reading, writing and No significant effect
(May, June) sectional 10-11 (1352) numeracy
elementary
schools
0.5% increase in scores on math for each 1 L/s per person
Winter and 140 increase in ventilation rate; the effect was significant
Haverinen- USA spring Cross- cla;srooms 1000- 5200 Standard math, reading and (P=0.O()'6)A §A7 p01nt§ increase in r_nathematlcs (P=OA(')06),
Shaughnessy et 2015 X in 70 3019 10 <2-11.3 . 4.3 points increase in reading (P=0.078) and 4.6 points
(Southwest) (January to sectional (3100) science test scores . L _
al. April) elementary increase in science (P=0.074) for each 1 L/s per person
P schools increase in ventilation rate; score>2400 points (commended
performance); average score on mathematics 2286 points
0.6% increase in performance of English-arts at ventilation
o) - o
Longitudinal 150 rate <7L/s per person and 0.15% increase at ve'ntllatlon'rate
USA 2-year long classrooms >7 L/s per person for each 1 L/s per person increase in
Mendell et al. 2015 (Cahfomla, 3 All seasons cross-sectional in27 5000 8-10 1.4-19.4 965-1950 Standard math and English- ventllathn rate; the effelct was significant (P=Q.01)
climate . (1458) arts test scores For English-arts 0.6 point increase per 10% higher
study in 3 elementary o _ R
zones) o ventilation (P=0.01) and for math 0.5 point per 10%
school districts schools . . o .
increase in ventilation (P=0.23); average score 379 points
(above basic of 350)
Danish national test scheme:
Cross- 820 language fluency, Lo .
. . . No significant association between measured CO; and the
sectional with classrooms 400- 4000 competency in math, scores on national test scheme; there was a significant effect
Toftum et al. 2015 Denmark Fall/Winter retrospective in 389 N/A 8-16 N/A knowledge of English, o L X &
(2300) S of type of ventilation pupils scoring higher in classrooms
data on test elementary knowledge in science arts . . Ll o
S . with mechanical ventilation compared to natural ventilation
performance schools (physics/chemistry,
geography and biology)

Entwurf Pawel Wargocki Mérz 2020 _mb




Entwurf Pawel Wargocki Mérz 2020 _mb

Table A3. Summary of CO; generation rates (L/s) reported in the studies examining the effect of indoor air quality on
learning outcomes

Study Year CO; generation rates (L/s per person)
Teachers ‘ Children
Myrvold 1996 NA.!
Myrvold 1997 0.0052
Shaughnessy, R. J. 2006 N.A.2
Coley et al. 2007 0.0038
Bako-Biro et al. 2007 NA.!
Wargocki and Wyon (T) 2007 0.0049 (£0.0004) 3
Wargocki and Wyon (V1E) 0.0054 (£0.0004) 4
Wargocki and Wyon (V2E) 2007 0.0052 (£0.0004) 4
Ribic 2007 NA/!
Haverinen-Shaughnessy et al. 2011 0.0052 ‘ 0.0043
Baké-Bir et al. 2012 0.0034 (+0.0002) *
Gaihre et al. 2014 NA/!
Haverln;rﬁail;iiil;:;ssy and 2015 0.0052 0.0043
Mendell et al. 2015 0.0043
Petersen et al. 2015 0.0057 0.0040
Mean teachers a;ls(i) c)hlldren separate 0.0054 (+0.0003) 0.0042 (£0.0002)
Mean teachers a(ns(i) ;hildren together 0.0047 (£0.0007)

! CO, measurements were reported but no equivalency to ventilation rates was given
2 Ventilation rates were reported but no equivalency to CO, concentration was given

3 Average production of CO2 10 to 11-year-old children + teacher
4 Average production of CO2 12-year-old children + teacher

3 The carbon dioxide production per person was estimated, considering the children and adults present in the classroom. Body
parameters of children: Apupois =1.15 + 0.05m? at normal activity levels of 1.2 met.




