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À-bstract

This paper describes tl¡e results of a study of the lndoor climate
at 11 Danish schools. the investigation shows how the pupils themselves
e:rçerience the indoor clisrate and indlcates, for exarnple, tl¡e rela-
tionship between the voh¡¡¡e of outdoor air supplled per pupil and the
pupils| evaluation of the qualtty of' the air l-n the classrooEt.

Introduction

The purpose of this experimental study was to investigate the rela-
tionship between the physical indoor clinate in classrooms in mechani-
calty ventilated schools a¡rd the pupilsr subjective evaÌuaÈion of thl-s'
The principal question was the relationship between the volune of out-
door air supplied and the pupilsr evaluation of the quallty of the air,
but the pupilsr sensation of Èhe temperature and the hurddity. can also
be deduced from the studY.

The reason for the study was that the Danish Building Research
Instituters ¡pbíIe indoor clisrate laboratory, had measured very large
dj.fferences in the volu¡re of outdoor air supplled per pupil ín several
fnvestj.gations of the Lndoor climate carried out over a period of about
10 years. Too Little outdoor air per pupil can result in an r¡ncomfor-
table indoor climate, whereas too unrch outdoor air per pupil probably
not necessay will indlcate a Erore comfortable indoor climate' l{hen Èhe

quantity of air per pupil exceeds a certaln lltrtit, the result rfill at
iny rate be a¡r r¡ncalled-for increase in energy consunptlon to treat the
alr supplied without a correspondlng increase In courfort.

Èlost counÈrj-es have sralnly based their directions and - norrus f or
outdoor air requireBents on sÈudies performed þ Yaglou (1) in 1935.

There thus seems to be a great need for investigations Yrith the aim

outll-ned above as a basis for deÈerglinfng how æchanical ventilation
plants should be deslgmed and operated in schools'

Scope of the Fielcl StudY

The stu y was carried out fn the perlod llarch 1982 to Àpril 1983.

lleasurements were only taken during thâ heating aeason. The study
covered, 11 gchools, at each of which measurements were taken ln two
clasgrooms for tÌ¡ree consecutive days. The age of the puglla varied
fron about 13 Èo about 16 years. The echools andl the cl-assroorus were
eelecÈed courpJ.etely at random. The only requireurent to the echool
yas uechanical ventilation Ln home classroons. The d¡ta from the 11

schools are ehown in Table 1.
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Table 1. Data for schools a¡¡d classroons

ltethod of Investigation

The Èeachers and pupfls at tl¡e selected schools were informed aboutthe l-nvestigation, and onry when they had arr agrreed to cooperate werethe neaerirements taken. À questionnaire was èiitributed to each pupilln the two classes in question on Tuesday, rfednesday and rhursday rcr-ning in the week of the invesÈigatÍon. ttre questlonnalre contained fourquestÍons which the pupils were required to a¡awer at ttre end of eachhour I'n the home classroom. The Èj.ure spent 1n speclal classroo¡s rÍasthus excluded.
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1

The four questi.ons a¡rd the reply optlons were as follows:

How does tÌ¡e indoor clinate feel aÈ the ¡roment:
( a ) Corqfortable? (b) Uncomfortable?

2

3

po you find the quality of the air (a) fresh, (b) gatisfactory, (c)
unsatisfactorY?

Do you find the air in the classroom (a) hot, (b) earrn, (c) slightly
war!¡, (d) neutraL, (e) slightly cooI, (f) cooI, (S) cold?

4. Does the air feel (a) dry, (b) nothing noticeable, (c) ht¡¡t-iclz

The following parameters erere Eeasured¡

Ternperature of the alr, relative hr¡-nid-ity of the air, temPeraÈure

of eupplied air, r¡ol:ne-flow supplied and exl¡austedr cor-concentration
of Èhe classroom air, CO^-concentration of the air exhaústed, quantity of
dust in the classroorn alf, size of ôr¡st particles and nan-made ¡r-ineral
fibres contained in ÈÌ¡e noroal dust. In adðition, ttre ability of Èhe

ventilation system to ventilate the occupied zone of the classroom rtas

peasured. The èisrenslons of the classrooms were measured. The building
materials used were recorded, and an estination vras mad,e of the surface
area of nineral-wool products in ilirect contact with the air in the
ventilatl-on system, euch as acoustic darr¡lers, ceiling Lnsulatíon and

ducts. The cleaning procedure was recorded.

tlteasurements were not taken of acoustlc or lighting Parameters,
content of organic solvents and organic ö¡st tn Ètre classroom air, static
electriclty, or l-on balance. These unmeasured paraareters presurtably
also have a varying ef f ect on the pupils I degrree of comfort ln the cli-
mate of tÌ¡e classroom. In additlon, it should be noted Èhat in eone of
the schools !n the studyr the pupils hung theÍr outdoor clothes in the
classroour itself. These factors, too, u¡¡st be oçected to influence the
pupilsr evaluation of tÌre quality of tl¡e classroom air'

The puptts had been asked to complete tl¡e quesÈionnaire independent-
Iy and not to use sindow ventllation or oPen any door frour the classroom
to the outside during the 3-day test period. On each of the three test
d,ays at each school, ttre test engineers changed ÈÌre volume of outdoor
air supplied wiÈh the aim of achieving between aPProx. 3 L/sec. Per Per-
eonandaPProx.l0l,/sec.PerPerson.Theactualforuofoperationof
the heatlng and ventlÌation systems was only changed when obvious faults
were aacertained.

Results

Table 2 shows t¡e average values, the dl-spersion, tlte maximu¡r values and

the ¡tinlmr:¡r values æasured for air teoperature, relative humldity,
CO^-conCêntration !n the classroom, volume of outdoor alr supplled per
pefson, total r¡ol¡¡te of alr supplled, a¡rd ttre dusÈ content of the
cl-assroom alr.
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Table 2. Values of physical paraneters

À statisticar- anarysis of the physicår par',rreters against the re-plies to tÌ¡e four questions was performed using ttre SAS (StatisticalÀnalysls systeur)-Progrran "stepwise backward eli¡nination linear regressionprocedure". This nade it ¡nssibre to see how each crass, takentogether, repJ-ied to tl¡e four questl-ons each hour, and which par¡neterswho have statl-stlcalty sigrnificant influence on these answers. Thephyslcal parameters cornprised both ¡casured varues: air tenperature,relative huntd-ity, co2-concentration, quantfty of dust, the totar. vo¡¡neof air eupplled, and êalcurated varues: voh¡¡re of outd.oor aÍr suppriedPer per60n¡ volune of space per personi relative hunld.ity èivided intothree categorÍe': RH < 30 per cent, 30 per cent ( RII < 45 percent,RF > 45 per cent¡ tÏ¡e numerical vaLue of the deviation of -the 
tern-perature of Èhe air from zloc¡ and the hour of ttre day. The schoor inquestfon was introduced as a durnrny variabre to take into accou¡t thedlfferences 1n reprles dr¡e Èo oÈher parameÈers than those measured.

For example, the following relatÍonships are obtained:

1. How does the fndoor cli¡rate feel at ÈÌ¡e rcment?

Confortable - 0, Uncornfortabl_e = 1

with R2 (correl.ation coefficient)
is obtained:

= 0.53, the folJ.owing relationship

Y - 0.267 - 2.239 C - 0.051 k + 0.2495 F + 0.87 s + O.O4 h,

where

K = outdoor air L/sec. person

h - hour of ttre day

F = category of
RIt-lforRF>45t

-21or30S<RH<45C
=3forRE<30t

s - volu¡re of dtrst mg/m3
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The variables are written þ turns of effect on the independenÈ
variable. The ¡rfactor are O,O0O1 for K, h, F a¡rd 010002 for s and
0r0461 for C.

Exa-npIe:

t vote r:npleasant indoorclinate

C=CO -concentratÍon t
2

and tbe followJ.ng relationship C - 0.14 x e
,thÍs lnvestJ-gatlon.

-0.05 k was found in

E-2
s = or1 ngrlrn3
h=1

a¡rount of outdoor air 1,/s ' Person

70
60
50
40
30
20
10

3 5 7 I 11

2. Do you t¡ink Èhe quality of tÌ¡e alr Ls

Fresh or satlsfêctory - 1, Uneatlsfactory = g

¡{ith R2 - 0.50, t}re following relatLonshfp is obtained:

Y - 1.014 + 0.037 k - 0.236 ¡'- O.77 s - 0.04 h

In this connection the ¡r-factor are 010001 for K, h, F and 0'0007
for s.

Exanple i

100
90
80
70
60
50
40
30

t satisfied with the quallty of the alr

E=2
E - O 11 sg/m3
h

anount of outdoor alr 1,/s o Person

1

3 7 9 11

Dl-scuseLon

- C.P. Yaglou carried out a serles of laboratory Èests vlth adults ln
1936 (1). On the basls of odour crfterlar he found a relatlonshlp to the
necd for ouÈdoor alr. Yaglou aÌso for¡nd thaÈ the voh¡ne of epace per
peraon ças involved as a par¡rñeÈer. lftre outdoor-alr requirenent that

5-Yt
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produced tlre evaluatlon ¡noderate odour" varied fron about 4 L/sec. xperson to about 10 t,/sec. x person. fn 1991, l{.S. Cafn (2) publlsheA
. results from a si¡nllar l-aboratory J.nvestlgation. He found no reration-ehlp with voh¡ne of space, but tÌ¡at a volu¡re of outdroor air of 2.5 to5 L/Eec- x person sattsfled about 90 per cent of peraons staylng in a.c.llmate cha¡ber for a proronged perlod and about 25 pcr cent of personsstaying in tl¡ê chamber for a short perlod. other investlgations, too,have shown that persons entering a roo¡r from outslde need larger quanti-tles of outdoor afr in order to regard the qual.iÈy of the air rn theroo' as satisfactory, as tl¡ose persons staying in the room.

The study described in thls report shows that for g0 per cent of thepupirs in a classroom to describe tt¡e quallty of Èhe air as satfsfac_tor7, it is necessary Èo supply t]re room wit¡ a¡out 10 L/sec. per personof outdoor air.

rn the classes parti.cipating in the study, extensive use was madeof teachlng æthods involving aome activity outside tÌ¡e normal .classroom
during the periods (group work Ín the school harl, visit to the schoorIlbrary, etc. ). ThaÈ rneans tl¡at some of the pupils uust have evaruatedthe cli¡rate Ln tt¡e classroom on the basis of -tf¡e 

"gruest criterion".

Concl-usÍon

This investfgation have shown, tÌ¡at the rcst sÈatlstically sigmifi-cant variables to tÌ¡e pupilsr subjective evaluatLon of quarity of the alr,are the anount of outdoor alr, the hour of t!¡e day, ttre hurnièttycategoryand tÌ¡e conÈent of dust in the air.

Àfterword

the staÈfstical treatment of tl¡e results was carried out by ltogenstleinreich of tl¡e Danish Natronal rnstitute of socíal Research.

The analysis of tÌ¡e dr¡st neasurements (weighing and counting nineral-wool fibres ) was carried out þ Tt¡omas schneldei of the Danlsh NationalInstítute of Occrrpatj_onal Eealth (3).
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