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ABSTRACT 
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An intervention study in eleven schools with approximately 1000 children age twelve to 
thirteen has been carried out in the period 1997 to 1999. Four schools with poor ventilation 
standard, three schools with carpets and four reference schools participated. In the schools 
with carpets, these have been removed and in the schools with poor ventilation systems, these 
have been upgraded to Norwegian standards for new buildings. 

A questionnaire was answered three times during a two-week period, asking how indoor 
environment-related symptoms were perceived. 

McNemars statistical analyses show that for some symptoms and environmental factors the 
interventions have been successful. A multiple linear regression carried out on the survey data 
from before intervention show that there are only few factors associated with the SBS 
building symptoms, and the variation in symptoms can not be completely described from 
measured, observed or perceived variables. 
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INTRODUCTION 

The indoor environment has become more focused because the extent of complaints regarding 
indoor environment in existing schools is large. The health authorities observe an increase in 
the frequency of asthma and allergy among children [l]. Today we also see an increased focus 
on costs related to a poor indoor environment due to absenteeism and bad health and 
wellbeing. 

In the city of Trondheim, Norway, in 1996 the municipality decided to renovate a large part of 
their older schools. This gave the opportunity to evaluate the effect of measures during case 
studies. 

Main objectives of the study: 
An exposure and effect study before and after implementation of two preventive measures 
was carried out. The result was to reveal which measures that give a sigilificant and 
documented positive indoor climate and health effect. 
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METHODS 
,.1; ' •/ ;_l' ! .l 1 I I 

i � r , •  . 

Two different w.ea�ures w,ere ci;i.rr},ed out in,tl}e �ch09ls: R�mpving c<:1rpets.and improving 
ventilation. 

! I ' ' j) .' I J:1_!/ '!11., '.'\r:\::,::- :� 01l. i'.11'.1� (f ,,-, � ; l!\.>!r..:�',. / ; 
Due to practical circumstances, there were testtict�?n�,,i,1:1; h�� 1<\U;�nte,r)".�ntiop �t,t,1,�y could be 
carried out a?d t�e�� p�n .hµi,i,t ,tI:i1, g�n�wbty,.pf ��.e _&!�dy:, · ; , . ; . 

· 
., , 1 • .  , , 1, , ; '· , , : ,  . , . , 

• A limited n'urnb��.of:�yROHls tR1Ct\()<\)$�P��we�n,,n ·.:Jll:': ,,1 , ,111,, 1, 1,·1,J J· .1 ; : : :.1 , " h , , .1 
• . Comtr,uction CO,lll]J�n,ir-� �Vm} :arry ql}-�:�P.e:myasurH£, (fft�r �n qpen'�cyµ.d,vlj pr.q<yes;s an_d. we.' 

have limited control oq��,gu<:tlity pfJ�etr-J�q�k .. i .  ·c.,:·; ' : : . ,11:·;1 i! '.] 1,:1 �. 111,. ,, 
• More schools in Trondheim are situated in urban areas than the average of Norwegian 

schoo\s. ·' ' : " . ,1: ·.1 ''·'' . : -, •. '. ', •.• ,,._, ,. >·i . , .. ,,; ,;•1 .• ,,, •• , , :· .11 
•-..\ ' \' I! f J j IJ • � • " : H '\ t ! •"I' 11 � ' / l) I J J •: OJ O ,JI; I J ' ! 1 I � '' )( I 1 l i ) I j J ! 1' 1 I • < I 1 j j • r� \ { ;· 
A�o 1�� �J·o?�e� · 1'fhat ap 1it, 9 al ���.tqr�. P.1fl�1�l��i;i�d me.a�l};�es ,(rei;nq�i�g.cwptlts a11d ,, 1 
increa in� v��.til.�ti9 ) ."1· �h .xa,r.Y., ver ti1, e,��.n? 1�e ,�ifferent from ssho,ol.to s��o'=!l. '! [ ' 
}:-- ��ffff.�?,�-�i1 e�1?'. ��,sch9g�s;1_ ,, . 'l ii ,. ; .i·· , , . , 111 , '1 ·i ( ' I , t" • Some are of tbe traditional classroom type while others are, open lap�s.Y�pes,. 

• The room air volumes are different between old and new buildings. 
• :,�ome h<).v� � complete.mv,c;ha,qical_ yeJ;ltU�t�o.lil; sys,t�m :WiPil.tr. others o,nly.nave, .cl.·· , , 1 , , 

infiltration or window venting. 
. 

� Time dependent changes: 
.•:" ,O,µtcioorair.·t.�mperatur��air:rt;irel<1-t�V:e,hµmjq�'ty1. ! , ii>. ;11 ·11 ,, '11• 
, • .• lncloor iifr tei;.nperatur�: andJrelativ�jhumidity.:: , . .  .-:.1 ' , • ·' 1 '. : 1 , 1, 

t<' '.if 

• ,Amount\of pollem:11:hangescll1Wiilg1th'eiyear.!·:·'. ·'•Hr · ·1J11• :·, <1:i l.1 '' " ,, • 

•• I Amount of air transported dust from -road surface 'changes with the weather: ,, I .. 
•1.1 Changes in. th� teacheri:staff may influence psychosocial'telatiorni. :; 1 ; •i .� · • · 

• Thete might be different s0tiial background for' pupils from different areas: 6f the city.1J 
� Other factors -· 1. 1 • ': r ,,. , / • : " : · : : : : . 1 • " ' 

• 
• 

Measures in the pupils' homes can influence on the results . 
Other measures than agreed can be done in the schools . 

' . 

• The study itse�f might influence th<? results since it is not possible to arrange it. as a . , 
·l:llirrtl test:· ·" ' 1 " ' ; ; )l:',.<' ;ti .. . :, ·.·· 1:·,,·. :"'·' 1,·.·1· ;,,,�, , , , . , :. ;·1-.• ;,:· �, .. ,1 ,1·r,J 

. ( ' i .' �j ' ; : I • I ' 1 11; . . , . 1 :r ','t I '  

Table 1 shows-schematic how.th� sttiliy was planhe'di Remohl oh:atpet's wasltl6ne' in· tl'niee of 
the schools antf upgtading of \'et'ttilation..in 'fout.· Twd 6flthe1 reference schools had carpets1 artd-; 
two had·p·oot f\rehtifotiort�� The questionnaire sutVey was tepeated in 1999! to counteract thafif ! 1 
could not be:donei as�-'a· .lJ:tiTicl 1testl "J' ·, · · ! ' 1 " -' r' ·: : ·, r 1 1 ' L " L " , 1 •• • !. 1 · 1 .• r: · : .c1·. Ji •• ·' , • 1 l . , 1 :; 

Table,],, Accomplishmenfofl questionnaire Jcm chilcbtellJ :The n'ieaSnrements1that took place in l 
, Marchaftecthe ues ·annair 1werercflrded«Dut1J :rnr 1i1 11;1, 11 11' ;J'1;:;1. ·1 ) ·'I.<., 

-'.' ;Ff;,brmu:y1:997,;, , Summer/Easter.,,· iFebtuaty·1998 <l"\1 i.Febniru·)l·19991; ::.; ·,,,, · . . : 

i1 ; �1 �1! �1 -::;J:I-'. ,. ") <i1pl99.7 !:" . .r d ,, nrf;.� 1J!r!:: 1 Hl1�JJ'l i •· ... �1 , Jd '1.oi·u1L iJ .�JJ 
Questionnaire Measure Questionnaire '° ! ( 'Questi'onii'(J�i- �) 1 L '' 1 ·• ' • <I 

A qi,il1f.�rt;b9i;n i,n 11 
" .. 1984 :· ' 

13'. Cl:lilclr�ri Eofd'jN 1 
' i I. II' ') J 98'5 I: 'I I 

: � 1 I ·;'IL , • l 
, I. ' : ' j(IJJ! \• J 1• I 

• f• JI• 'll! •:. 1,·f .i ·11 i , r · c J : 1 « c, ;:1: : ,;11,, 11•Jf, · _, ,, 1,-( 
Carpets removed1·1 

I �.' Chii'd�e'n'.'i:i�� i�; ·)ii, T 11i • : ·1 , , 1 i :111:;,,,. : - , 1 1 ' 
. ,.summ�r.-�997:r, r.1. ·,·11;i9 51.·· 11.prr 1! '''"'''···'':' ,1111;u11:J1;1, ·i ·,,1:; 
" y�,iaticn: 116. ltfil are-b r0d �,. ''E) ctiiidt@both1i1� ! •' , Ji:'! I "n 

,uggrac;i�dM<µ:c;q to t:J 1·il.1· 1�'86' 1•.i I r ,. ',.: ili.'19s6·l 1111::< 1111:�;q;:1:1:., December 1997 · · , · , ., ' .. F. Children bodiiii 11'·' '· / 
1987 
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In all eleven schools, the following elements are included in this paper: 
1. Pe'iltcil\Tedtindoot:climate based oh qiiestl'onndires 1'.C:i children ·twe'ive a'.nd tlilrteen years' 'old 

and teachers. ' 
2. Microbi9logicaJ activity Jn room air and l,lpply air venti lation duct (if tber� i one) in 

: I solne toofu'S� C<S ·�red tlY1tttb'qtle�t!bn1U:tit�1 ')�'./I ,,. •; iorl: .. �·:·i· .:;J' ;" • . .• 
3. The du ts ability to induce TNF-prbdh,co161rt1 ih 's'c}&�' .odiii'J ccYv�tdH' oy' ffi1� qu.� tioimaiie 
4. Measurement of air quality jn some rodms covere'd>'�fthe question 1air�� : : !. il'I .• 
5. I B�all!atie>ri'015 ffi'61�1ld&(jtl'erivinY1.'ii¥teiit l1y Wrchi e�� Vi uai1 observ'afidns of the ·ae§thetics 

and maintenance level in all rooms covered18y'-'thelquittOima.ItJ. · u " ···· ·;. : , · ir 
.. :;1·\�:·1. I· ·II. ·1 > .,2, · 11; :Jr!· nr.1 J /1;:..-11; nr:•i·:, 1;i i.· J1;11Ji% .1<; 11.i:1d1J1:1 1., ·<..;;-. "JI 1. 

The questionnaires with 48 questions were repeated three times within two weeks idcil9"97, 
1998.and 1999. It was done as a point prevalence study wqere tne R·erson i asked. how h�she 
perceNes tH�PM"tiliftiofl �·fil{rrtoiffe t ,\:�'.1iidlt tefHatlves y1� dt r161 �6nos 1bhJ:le-'q'Ue�lioni0ro 
get the averagt 1� Wak 1�peat'Qff tit¥eWtirri&s:��t 1Wtts 'ct6�e1a'dhe ��irt Hme i�i"�\ bh'.ool!l. F1:�m 
the three repetitions the average for each �erson is calculate�:"so(it'doU'fdi¥;'.� i'nf�rpt6ted"as": 
Yes alwayi;'...$l)fu�tfiti�if6fhever.''Hil•i ll;'// '!{i '.!(; .�(.;;i'J . ,fll>. I jjj ' .I!. ' ,. r <"'" . 

. ::�r 1 .u. 1 L . L'; ·�"'" ,, ·, · ;� rr., .ir. - 'nu .·1 • • :/ ,, 
The measurerrl.efitsr Were ab�r�fter tne'.qrie9tibtmaite ·was· fini'shed d'iiriitg a t:hiee weeks ' I .'• . 

period. .-,tll J .'i:'. , ; l.J fi1J1J:, •I, ' 
• ,, ... 1.1r[lJ d:.. . · �L,�1J, 1) �!f'.1 :�: 

Twelve of the questions were on indoor relliat�d1prebioolrs1 Tifed; Heav:y1..!l'l'eaded,'Headach'e, 
Nausea/Dizziness, Difficulties concentrating,11ltcfaiing .Ot1H.Titation1 ot1 'the eyes;• Hoa'tse br dty 
throat, Irritated, Stuffy or runny nose, Cough,. C0fot� 1Itohimug face:or hands;rSiok ior unwell: 
These questioJis;Gorr�portd,roughly:;to .thb .Orebro questionnaire: [2J}.Jibut are· adjusted to be 
suitable for children .. Oth�r q,uesti.9ns ·W�� -pll. per,c;e� veld; .�hermal1 atmospheric; :aqtinic and 
ac1;.m�ti�1S!ljlcyif1m"-1ent., 'J1h€fflf: ��r� 1�p1sR111�.gue��lOA�: r�m�<rd to th�t Jwme1 situatioJl li.ke 
contact with animals and passive smoking. . � . , , .. 1 t · 1 

RESULTS 
L 1".I� Ji :.; ··!fJJ�TLL {), _ .  ; r,()(' J(ilJ .·i 1. �)J[l_i:.!., ;!:·. '. . .:1 �. '. .J }�;�1_�J,lJ1 ;,., 1,:: ··� ... .J; : :  \rl)1!1 '. _(! f -1 

Due to absenteeism all the children and teachers did not participate in all three rep\:fritions. 
The data could be treated in two different ways. The first way is to delete the children that 
w1ly,p��iPM�Lq�JiiIB:f1, J!w 1�thJif1¥1).l)'l:i§c�u�r� .,a,l�.the,�li��Pf�ll! .inith� �aly;SlS; �. ; " 
09,ll}P.ar.3i4iiY.Y•��W�¥ is �t\}'(fyJJ, -�bJli t�·�&Y.$1>f treat�ngJh<1;«i#.� >VflS pe1'f.qnped1�nd show_s.. tb�t 
th11r11. at<';;�µ}.)' jn�iggifi�t qpj'ferel).�� ,Qy;l(w.eJn\ ·�heJ ��o l'J}etti.Q!jl..s•,P1 tbe fo:J?tber a:Qal;y�iS!; 1. . . , 
children and teachers that answered only one time to the questjp!):q��e- .ai:e-c:ilsp inclqded. ·_,! 111 ,., 

From <th� .tw<ttl ve:qMstions unfoSBS100Iated ls�rllptorns. a iimtor BS Ii (Buildin:g islfmpt:om index) ! 
[3] is calcl!_��!ed_�x_c��!l!��g_�he !1��l?.@t11�f S.J...i:rtPt�!'".!.�1for1_eaoh.��o.n.1tD1_1.lY,,a11 we�� "yes, 
always" are coontedn�1h':.eJs-;!alw�ys" areic'!lcalatei:i from th� tfilea:times the questibtmaiie' as 
used during the two-week perio1. Table 2 shows the �verage fiit.mber of symptoms for each 
person in the dif�'rf,�Qt�s�wols. H' :,1\1,:· �w ! "fl\''·''' .. 11 \,,.,. ;_.,.\ . 

Regression a��l;�is
-�-�;�ert��ed to i;vestlgat�· �h;tb�r the BSI could

-�e e�pn1��, fclrk"i." . 
environmental factors. In Table 3 a re�re sio� ?1>od�11foti1ihe, depend6nt variable BSI_ b�s�d on 
trictly informative question frqm cfO:ds�qn?iilre;ob . ervatioms and1meast1rdll{��J; qtj�e'in �U 

rooms are hcmn-.9f-J: mwJ��ct�q.re.�q.tf A�·t\��\�Shtio1der thei��iMing the 1fewer are the 
co�p�ain�s. From � · � )t -can be s�en that the qiodel ca� �Vi�,

m'o¥r�.'.:.
�:,�map amount of the 

vanation m �SI.11 ·J ,,� :,; . 1 , · 1 
i·•"(� I 
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Table 2. Average nvmber ofi symptorhs1{BSJ)�Jor:each person,in; the\.diffore.nt schoolsi for ,the·.; 
. tlu: b f h"ld ;ti . :eh h I j.1'' ':1'.J'..X)!"I'''>" ·e�;y1e.a rs . n =� n �m1.1 er o. c:. 1. ren1p,ar. a1pai1-ag ilt ea: · !. SC QO •"•I 

" Reference schools "Carpet" schools ' '!Veritilatioa71. schools '·1 • ' 
7 3 6 2,. 'l , ; ) , ;)•: 5, :H _ 

.
. 4 l·d /8 .·�·Y9 1;=100·: n·.1. ,, '.J'Jf;r! JJ I•, 

1997 1.39 1.76 1.38 1.30 1.97 2.45 1.68 2.27 1.97 1.23 1.83 
II 93 107 64 138 96 51 1 4 30 158 125 121 

f998. 'i20 /l'.73 i'.�9 1.28 1'1�45 ';\�11(1 1 i.35' 2:001',,2_1c)2_'1 Hi')i8' :i ·· 1.3�,· 
87 · : !'{5 l :1 �s': · ' fit! i ! 9� ;: 149'.i '�(! � i:g '1�:11'1-3:,. . :cjt;;'ll �143. ! n -L, 

1999 1.34 1.28 1.37 1.81 1.01 1.46 1.49 1.52 1.11 .95 1.36 
n 82 .... 9�.j n l05· ,1 ,,8(), 41(1 68 .,7,S. 1 •. ,J76 d' �2 I 1,130,, 

'(-·.-.t,·1". ! 11 ·'.' 1:· r.,• !,,, �·'11.'1r1�:··.,�· 'i'J·.:,1 .l ·.:i 1 �: 'r!1;1', .�' r··J ·.; · f1�:;r i 1 JF1h ,J'./ft";fj;.,? 
Table 3. Li��ar regressi�n �n s�rictly i�f�r��tiv���ru-e��iqns fprm1qiI((,�tipnn�Jre11pbs.ep.;�d,�pr,.,�: 

measured variables, R =0. 1 

,, 1 .-.m�1 '•''· . 1 1, ·,c. 1 ·,;,Ji,·;, 1.,, ::' :�i 1v·:;;:1,. 'lJP���l}dcµ;_5ij;z;9&-:in1 lu�5.�1C:_9nfi,denr,.e.1 
· . . Coefficients , . In�erval 

Constant" ' I '"· l.,' ,.j 11" 11' rrr;-;-:;- 1.iJI 11' .J. , __ , s.1s� ·" ' , 1'31.s-(' 7.35 
Volufu-e p�r pets6n cn11:iip�rsdn) ' ; ., . �iii • ,r, O!.I; ' • • : . ' r' 1111 .. "11�6!(2-. •;, . _:' . -0]19· -0.04' 
Building'ilge'(Years) ' · , )t ' " 1..ru · -�' -0.08 -0.11 -0.06 
Open window duiing.night in sleeping room at home O= yes, 2=no) II 0.85 0.34 1.37 
Spacious or nanpw claMroom (l""sp'acio.u.s)o .S'=narroW) b 0.34 0.16 0.51 
Ventilation (l=no �enfilation to 5= good vent) -0 :79 . :x:/its2� , .,,. . �03� 
Outdoor in break before answering? (1 � ves, 2-no) 0.58 0.15 1.02 
Sitting at window's row?(l= yes,2=no); 1• ·�0:3'9•;--•i;:l'I : ·-o .7s· < '! -o.631 
a from Children's questionnaire; b from architect' S evaluation Of the SChool · ,-; '.mJ, 1;:' ;j r; ·I�: ; It' ; 11 ! 1 i 

, ' • !- j i t } • . ' \:,. i,) ! .')�) ! \ I 

V ariable!'pi,ot associated with BSI are: In th'Tdassroom all day?:" �\ti�JMU fh� P�fh·��.�1e .fQf llf.\; �i\ e, �ou 
eaten today?" Share sleeping room?" Carpet in sleeping ropm?" P�ssive Sl\IOking at hon)e? . Anima ls at 
home? a Time of day? Number of pupils? Absent pupils? Ve'fiting0Jf6re-·1essbli'1 Nuin\>dro · ffiintWes since '· i 
break? Br�ght or gloomy? b Room in good shape or worn? b Cultute,d or cj�su�b? b, Fi;ien_dly or .un<).ttraetiV;�? b · I 
Type of flooring? Landscape or classroom? C02 concentration, m\crobiological activitM and TNF 

'
·
1:·"'),r.: ··.(,,IJ:n - Vi .. J .. i1;� ·_�\'· ' ' � )�. � ()l 

-�- \-:. J ��. i ; . J � . . -· ' I' I I I" 
I I 

Table 4 shows ti inodel for BSI bas�d !on thelchildren's perceived indoor ·climalte: ·wnYof i( 1 : i 
interesting observation is that the question "Do you feel.-faappy>at'.s©h:o.0l?n"is ais-sociate_d •With' I 
BSI. \' ··�i )· .['.YJJi1r, tt !!1· 

11: ·; I c_ i j t 'j : ( ) I 1 J�) : , ; 
Table 4. Alternative linear regression·model with '!subjective" variables where·the children 

describe the indoor climate in the questionnaire, R2=0.35 
Unstandardized 95% ConMenc��nWV:�l • 

coefficients · 1 1 ·" " 1. ,, , ; I 
Constant 10.50 8.99 12.01 
Stuffy·::'tir.? (l:=,yes, �no) !': .i!') ·!1:._•:1, 1:;··1·1n 11 'J,i1 Hi,, :•!L'.;',l".l:'/ :11;11 ;:u,-Lm;i ·1(1 ·ndr�0,89' ,.,. 
Draft? (l= yes, 2=no) .[; •liJQ!,, ., . ! l 1)'!'JOH'.i7!D1;1!•11 •:··1;;-j),93: 1' 
Feel happy at school? (l= yes, 2= occasionally 3=no) 0.54 0.31 0.78 
DiffisulttR�-�<).d,lf0nJ.1b:lackpo,ar,q7i10=r,�f1st,2-'fIJ.q),:Jit:�iJ: :u .!,;.'.•'ii .-0·?.3c '�·:Nuti': L·�h.97r' r:u;:>;;· r9·3t1-.),' ,· 
Dry.\tjr/,(.�= yfs,),;=rn,o),.,,:� 11•/' " ' 'I II rl . "  11 •" c1,1 ,,, ..... ,r,,,-,,-91:111' '''JL'[J1 'I 171, .. isl . ;; " ,.: ·Q.3,9, .. 

Nois·e fro� p11�hs? ci=.Y'��: i=n.o_ ·' · 
· 

. 
· 

, , _,- '  · ' ; ', ,'1' '. -0.'50 '". ', ' . ' · �or8'3 �" -," '-6'.'1
8 1' 

• , , . , , ,, . . .  · , J ,!(, . , . •  , .'.1 'I) ·j«·'· < ·'' , ,,,,1 ·-_·
o·

.,,J.JJ .111 .1.· 'r:·:;_o· . 01-11, , .. • .. 1.1 ._:
0.0

•
5

N . .. 1 Varying room temperature'? Cl= yes, 2=no) '' ' . ' . '+.J !l::i 
Noise from other rooms? (l= yes, 2=no) ·, �o'.39 ', .. : ':'JI,;• )Cb:for.I ' ""; v; �6.oi " l 
Good ligbling? (l= yes, 2=no) 0.49 0.08 0.90 

Variabies hdiassdcfated with' B'sr 1th!:1 Rooffilfempcrti\.Ut�\6 hi1gi( H��t' frorrP��t\n/Ffeiti 'fro1� Jii'J; 'R · �lli ieili�'t8 
low, BaJ11air.,m.ftlidl'lt.to hait; N&s�ifi-om' dut:dd0 .iNoise:froflli building; •Refl®tiotl'.in die lflac.k.�l::>ar<li' ; , ,: .:; 
Unpleasant light from sun, Shnc.ks·Jmm: stati.c:electriait�; Qlearue.no1:1gh·rN h·� ;.;�ni J" ·1:iT';,, i'll'li: 1!.il 1 I . � !) I i  , . 
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Ever�·ohild's.il:nsw.edn.t 19911 and 19981 ate:ccYmp·ar€d tc.:,1ihvestiga�e whether tlH!,children� 
experien�ed sympt_()_!IlS ch,�11.g�� as!.;i_ r,��:dt;9f! ���;,ln1et,Y¢_4,tlbh,.T<r�: d�Jhis a M.cN.�ri'ffil:s t�stjs, 
used. Children markedR and: C. in!'.ifable l could then·be:\ised. "Yes, always'"�and "Y ds, 
often" have been c9d�c;l as '�Y:es:J:While other flUSWefs are_cbdqd_as "No1� _____ i __ .L 

--·'.I f ·-,. _,_y_ ;, I .. ·L:,_ '\=': . (' .i ,, I 
Table 5 shows that p�etfe1!1o�4) ·�aY;� ;�_ si�n.i�ca11{redu(�jti?� �P:d te11:q��cy !W redu�tii;m, �9� 
some symptoms. Th�Fe wa�-also,�:tendenc� to-more.children with a cold in 19,98. :·, ! ,, 

' .· ; .> f' l j I � I • : I '-'�' : () :'._ ! ' ! � . ;/ • f . : -� I \ ; • I � 
The same test was.used to.study.the.change from 1998..to-199.9.-0hly th'e..childfen.marked.D .. 
and E. in Table 1 were used. No measures were carried out at the schools in this period. Table 
5 shows that there were significantly fewer symptoms and tendencies to improvements at 
sdl.O�is were the1VehtilatWn 'Hafftiee:l::Viri'creased.u:r:-:uw, v · - ; u ; () w :;-_. · �J: -.:;:x -' . ':!111·:" 

... . .. 
011 : ·.) I ( ._1 :-J I [, 

Table 5;r1Eff�cfof mds11res!'P�ii:1¢d compari on of children by McNemar test. Signs used in 
the, table:+ mea� ' ·signiticant reduction in·number of symptoms (5% level, double , . ,, ·' I 

.. 

·
11• idep), - means.significant increase,(+) and(-) means a clear t�ncltipGY (fr?.% ltt. 1e !)· 

,, 1. 1; Yi J. 1997 compared to l 199S com,pa,reciM� ":!:i!I . 
. r :  �\ ( '' \ · .r: . • .• J1lt!1dl99l8r;�l!!1(t·_,,:..;J :1i1ii11:r11;.999. J·-11·.:: • • 1t. 
i • • !. I :) · 1·R�f, '.•Carp�t 1¥-enti) :•:ci·r•oC:arp� 11Vent; ·:·;, · 

9 A . d? 1\".t) CJ1r·:·-1IJOf'�=r�·: .• f10i,:.liht'1'!'" •I "(.i'·p · •. \ re you. t1te . 
. . . · . 

-· . /i(. 'i 1JH!::::::: ,';'.JV=� f r·.r..::� : �. �fJ. �j�; '••Jt I 
\q,,Do youfe�l heavy-h�ded? (-) . �'· 1,· ir "r . .. :. i ,, ' 

1 1·Do you haveheadache? - 1, .. ,,;_,._,,!i.1··,1J .• •;, . ;.;,,,,i>�i:;.m(;J-!·,,:,:·> .1'ih ·: , :·1• 
12 Do you feel dizz y? ( +) : 
13 'Do you hav¢'prbtjletn:s':c'ortcetifrmfng,?'c · ·'_i<J•!P •1·'+1 >1 • ;�:f! 1 '· ,,,,1..i. 

: ···�·.,L II/ t ')IJ;•J:1 }!j ·�:]_i,.J(-=-fJ, '_r 1'%j;' J/'i.. �:�(r ·,, ·. r:! :· ·:-�· .' ':'ff1··· i·! ' I  I 
14 pq..y9µ.f�el itchipg9r ii;Ptatjprv;>ft.he1�y!<;�� .iior - . · 1:.,11�+) ·:1•;. 11 · :, . _.. " 
15 Doiyou have hoarse'or'd-ry throat? :.1') (-) xp .i.: :,11.1:' I 1:l i.;· I, :111(-) 
16 Do you h.�ib 'sihffyof1:rtiriny1n1Bse? "' " ; 1'":n·" « --' >· ''-'··,;i_. 1! "•nd:ri 

17 Do you cough? 

·'· ·,'(+)' 
. Ct) 

·, I ' • 

+ 

:. . : 

19 u.iDldiJOOriiiave it:Chi'ng face or.h_ands�·i'.:.; 1 <c '\ • Jd'· 'roi •p ·1rl 1 JJ;11 i ;, ,;u•1 ,J;- · :.� :.-::r · .. , 1 :· :•: 
20 Do you feel sick or unwell? + : + - - - - - -�- - - -- - -- - -- -------- ----- - ·-- ----------- - - - · · - - --- · --i6o ·- --i oo ___ - - fo i" · -i-- · - · -·---62-- - · -'is8-· 

11 .1 : ' • ::i • •  ,: ; l. · ' · .,  .. s:::;jc:1 • .  •> 1:,i ,; l : c l' ..... J, 1 , .,,, .!a 1 ·r 
'f ·- 'J ' .; . l ("!""I'" " " ' 'f"• . ;: ., ., . · ' ' '. �- - l r _. ' _' . . • l •::.� �.� :J ·'.)_; J� l� , Ii� :J• -�d I> �- ,.,.. .. • I• ,•;i:.h '_;_; 

The' number of persons with symptoms in the different schools seems to be in ac�erdanae.w.ith 
for instance whaltl1is found for offices [3]. '·"c ,, c i .•::C 

+«' (1 
The 1 te�ression model showed ohly a weak correlation1between en�i'tomnentat'variables''arid: , 
the B'u'.i1djng Sy1np oms Index. Thi� indicates that there is an unknown fac o'f1thafl." diffeie6t' 
berJJb�i- the school� which infl��nces the BSI. Some of these might' qe ·coriiieb't�d l�(l 111 · Vi 

· l . • Jc -1 f r•q· ., 1 '> f· .. ·" ' . , , ,,, 1 • • 11 ·I 
pro&,���ty and p�y�posocial relatiQps. 

,,
-.. - ',.;"" . ·.�. •n· ,',··::.·• ,,. r .... �; •. :, •• , 

{,!. ,: ��(; ) l r l) (c\f::. �' ' � . .: : i '!f:j ��:··· ' 1{•1 
The·McNemar tesr showed that some·symptorrrs·were srgn1fic·amly reduced iri. 'size comparing 
p��prn �Pi� :-�f.��� iµe,}mYin'.�pt;,qn,, Opp,osli� ,N �h�; ;!igr�t5.��<;m, l}\1'?9.!?�·jl;i� ;McNm1ai; ,�q<:J.eJ,.; ,.:, 

studies the effec_tQf.t.he. �P.a.n_ge,�.:tih�t bav�· 1bc;;�nJ.qarri.tKd Oli!t withiti-�(;h: s.cho�l {©Jicstr,ic�l�, ea�h 
child). Unknown differences betwee}Jl.school§)tqend11a'Ve:.I11.01inifluence.: ,1, "r;:u: ''"J. ' 1.r1,<.1:'.1 /1;, . 
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The reason why the McNemar test gives results for the ventilation intervention from 1998 to 
1999 is probably that the construction work was delayed. At the time the questionnaire was 
carried out in 1998, the work had just been finished and all technical adjustments were not 
completed. Disturbance from the construction work might have had a negative impact on the 
way the questionnaire has been answered (or it might have had a negative impact on the 
children's health). 

It is also an important part of the results that the effect of the carpel intervention remains 
during the consecutive year. 

The conclusion must be that increasing the ventilation and removing carpets reduced the 
number of health related symptoms, but unknown factors have a significant influence on the 
number of symptoms in each school. 
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