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In most Asian mountriesIthere is a need to.stretch the annual

budget for primary school buildings to itslimit so that the maximum

number of new places'io constructed annually. In such a context the

educationist faces the alternatives of providing more conventional

building solutione for fewer children, or devising other and perhape

less orthodox, waYs of getting more children into school without

lowering the quality of education provided.

Theis, are many ways of tackling this prokem: more placei can

te provided by reducing the groat covered area pratudent, by lower-

ing tht cost of construction,.by'arranging
far.the buildiag to be

umed in shifts and so on.

It was with these problfts in mind that 1211964 the Asian

Regional Institute fae School Building Researdh Produceirla paper

entitled "A ggmparative Study of Natl.-Purpose Roams in Educational

Buildings". 1/ In this a method was introduced gbr accurately

measuring the utilisation af space in schools by means of a use-

factor. The method involved comparison of the optimum use of each

unit area of covered space fur every haur of the day, with the actual

ume per hour. The resulting'ratio gave the. use-factor.

Examination:of schools in the Asian Region showed use-factors

as law .as 25%-to be quite common.

In a country such as India the application of these ideas is

of epecial relevance for although the overall enrolment in.Indian

primary schools is high, the number of ehildren yet to be housed is

ouch as to require very heavy capital investment in building. More-

over, firsto-level education which ir. India is a State nsponsibility

has developed at different rates from state to state. Ai wome states

thus face a much more formidable primary school building programme

than might be thought tc be the case from a study of the'overall

situation.

jJ Asian Regional Institute for Sehool Building Research. Occasional

papers; school building, no.7: kusixammitttjtaitsitmallk

.21X12019....U.SLAIL21121=11112132341142444.
Bangkok, Unesco, 1964.

MISRA, ATMANAND.
Education

quarterly v.17, no.66 Jun 19651 p.64-8, 83. No/ Delhi,
Ministry of Education, Government of India.



In 1966, Mr.R.D.Srivastaval architect at the Central Building
ReseArch Institute, Roorkee, India, started further work on use-
efficiency with a view to adhieving economy of space in, Indian
schools. He decided, as a result of this, to establish ways of
making more sensible use of space in primary sdhools. Working
with Dr.liat.Gupta, District Inspector of Schools for Saharanpur
(U.P.) India, an experinent was started, the object of which was
to achieve maximum use of covered space through the provision of
classrooms only for teaching those subjects which could aot be
taught outside on the school site.

The result of this work was to increase the use-factor to 85%
and to reduce the gross covered area of the standard primary school
by 40%.

Clearly, the approach to the problem involves much more than
a nere reduction of the area og the building. The feasibility of
the solution will depend not only on maintenance of the quality of
education but also on the existence of suitable climatic conditions
for outdoor teaching.

The Asian Regional Institute, whilst publishing the papers of
Mr.Srivastava and DrGupta, has provided au analysis of rainfall
and a tentative study of thermal comfort conditions in India which
will, it is hoped, serve to highlight the climate and the very con-
siderable advantages in terms of capital investment and education
where the weather is clement.

It has also suggested fields of possible further study ia re-
lation to points arising from the two papers.

This paper outlines an approach through a study of the citrriculue
and the corresponding need for covered space. The conclusionz--
reached may be thought unreasonable by those used to more conven-
tional school buildings, but in the context in which they apply,
they undoubtedly present a solution to the problem of getting into
school children who would otherwise haven° opportunity of primary
education.
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In at attempt more closely to relate the size of primary schools in Uttar

Pwadesh, India, to the teaching activities, an experiment was conducted in which

A some fortY schools, classrooms were provided on4 for lessons for which covemc

space was essential. All other lessons were conducted in the open on the school

The results showed that not only can a reduction of 40% be achieved in the

e'i-aa needed for a primary school building, bat that the use of the sits as well

ns the building for lessons resulted ia greater student interest as well as im-

oved standards of instruction.

Outdoor teaching C.epends upon clement weather* Olimatie conditions in India

vn?.re therefore examined and it was concluded that outdoor teaching is quite

faasible in India north.of a latitude of 19°N and below an altitude of about

21000 Et. above mean sea-level.

Fnrther study of long-range effects of this experiment would be of consider-

able advantage in view of its significance to school building in India. Arabi-

Octurally, long-range weather observations are necessary to check conclusions on

johermal comfort and further work could be done on establishment of a thermal com..

Tort index fox. the people of North India. Educationally, further study over a

Irksriod of one or two years is needed on the effecta on teaching and teachers, and

learning and pupils, of the proposals tor changes in time-table, and non-provision

base-rooms for all classes.

LgLIAJLALIAA

Afin d'dtablir une relation plus litroite entre les dimensions des &oleo

piAmaires A Uttar Pradesh (Inde) et les activitis, de l'enseignement on tenta ux

oxp6rienee par laquelle, dans quarante deoles des salles de class() furent fournies

seulement pour les legions qui exigeaient un espace convert. Toubes les autres

classes eurent lieul a ciel ouvert, sta. les terrains de llóeole.

Le4 r6sultats prouvent qu'il est non seulement possible de r6duire de 40%

l'espace ndcessaire llenseignement dans une ecole primaire, et que l'emploi du

terrain en motme tempo quo l'emploi de lt4cole elle-name aut comma rosultat nue .

augmentation da l'int6r3t aprprt6 4 leure etudes par les 6tudiants ainsi qu'une

am6lioration du niveau d'enseignenent.'

Wenseignement ciel ouvart d6pend de la cldMence.du tempo. Les conditions

elimat6riques en Inde furent done examindes et on arrive la conclusion qne

l'enseignement en plain air est tres possitle en inde au nord dPOWriatitude di 19°
et au-dessous donne altitude d'environ 2,000 piedsoca-dessus du niveau de la mei.

Une dtude plus approfondie des conaquences les:plus rculies de 006

e4driences serait d'un avantage consiarable dtant donnd ltimportance quIelle

prósente pour la construction dtdcoles en /ride. Da point de vue architectural,

des observations prolongóes du temps sont tócessaires dans le but dlottenir

des concluoions sur le confort thermal, et des travaux plus*rotondis ipourrai-

ent mener a V ftablisooment donne lists alphabStique sur la question ds comfort

thermal lliutention des habitants C4 nerd de l'Inde. Du point de vue de .

l'enseignement, des 6tudes plus prolongdes pendant une Oriode d'un cu deux ans

seraient ndcessaires pour se rendre compte de l'effet produit our l'enseignement

et sur les professeurs, et d'autre part, our les 6tudes des ólaves et our les

etudiants euxnAmes, ainsi que des propositions de changements des programmes,

et le fait quill n'existera pas d'espaces cauverto pour toutes los classes.



CHAPT4,4_..1

ARCHITECTURAL APPROACH TO INCREASED USE OP SCHOOL SITE

AND BUILDINGS

1.1 INTRODUCTION

In India there is a continuing and increasing demand for

new school places and better teaching facilities from the very

limited funds available. Millions of school-going children

are required to be housed in school buildings to meet the

national.target of comptiloory primary schooling. This natur-

ally requires a very large nuMber of school buildings. It is,

therefore, necessary that every possible saving be achieved

in the architectural, physical and structural design of new

schools.

One way of ensuring that no unused spaces are included

in future designs of schools is to use existing spaces to the

maximum. In designing new schools all other thinzs being

equal, reductions in the areas provided will result in re-

ductions in canto In India very little information is avail-

able regarding costs and design standards for various types

of school building.

A study on use-efficiency of school spaces was therefore

nade, aimed at finding out how economies in spaces coad be

effected:through continuous use during the school day of

space in school buildings and on school sites.

1.2 MAZELPIPIE

In most of the schools in India, verandahs are provided

for the sole purpose of circulation. There are other rooms

which are naver used full-tine. This leads to increases in

cost. To determine the extent of use of spaces it Vas

necessary to study the teaching time-table in relation to

the plan of the building.

Prom this stmly it was possible to express the actual

use of each space in relation to the length of the school day

during which the building was in use. The use-efficiency per-

centage is defined as the ratio between the actual and ideal

use per sq.ft. per hour, as follows:

:

Use-Bfficiency% = Total area of space available x Total time

school open

t.

0,#



A typical school building plan of five classrooms
(see Fig.1) was related to the time-table being followed in
local primarr.schools and a eample.formula.is worlsed out on

the following pages.

The time-table in terms of outdoor and indoor periods
is indicated belowl.

PERIODS: In 2nd 3rd

,

4th 1111 5th 6th 7th
..........,,4
3010
3,50

TIME
_

10 8,46
10.10

.

10.10
.10.55

.

10.55
11.40

11.40
12.25

12.25
1.10

1,10
1.50

1.50
2,30

2.30
3,10

gMAII

V

.

P

I

. .

Hindi Md.
&

Agri.

Maths
(OUT)

Games-
&

P.T.

L

. V
,

.14

c:

ii.
:'.-

Eng-
lish

(OUT)

Craft
Soci 1
StAri

I

IV Hindi (OUT)

Craft
Eng.'
lit&

(oUT)

Games
&
P.T.

Maths Social
Study

Gen.
Sol..

.....,......

Gen.

Soi*

........t

.

,z1

-

III Social
Study

4OUT)
Craft

Hindi

.

Mathe (OUT)

Games

12:T.

'En&g

lish

II
It

(OUT)

Craft
.Maths '(OUT)

Games
&

P.T.

Hindi
,

A

K

Socid
Study

Count-
ing &
tables

1 (pm)
.Craft

Hindi (OUT)

Scxd.S1

Study'

.

Hindi
'writ.
ing.

(OUT)

*Games

&
P.T.

Maths

TABLE 1 PROPOSED smiatenta TIME'r.TABLE FOR A 5.CLASS PRIMARY SCHOOL

121.21: .

SChool day:

Long Vacation:

16th, April" - 31 August 7 .atz. to 12 noon

ist September - 15th April: Wa.m. to 4 p.m.

1st to 30th June

;

4
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LUNCH BREAKFIRST PERIOD

HM 1 HM

FIFTH PERIODSECOND PERIOD

4 2 1 HM 3 2 HM

.
.

:SIXTH...PERIOD
41

THIRD PERIOD

HM HM

. ::::::::
. ....

'.1 SFVENTH PERIOD ..FOURTH PERIOD '

SCHOOL BUILDING PLAN

FOR 5-CLASSROOM SCHOOL

RELATED TO THE

TIME-TABLE

FIGURE

rooms occupied

rooms unoccupied



The Arhomr teaching day (10 a.m. 0. 3.15 p.m.) with
. eight periods of forty minutes (including lunch-period) vas
the general.pattern. The study revealed that the user
efficiency percentage of the school building was 53% and
that of the verandah and master's room was as low as 25%.
The use-efficiency percentage of olaosrooms ranged from
52% -to 76% as.is indicated in Table 2 -below:

TABLE 2 CALCULATION OF USErEFFICIENCI PERCENTAGE OF THE
SCHOOL

To Achim? Periods:

Class Inside Periods Outside Periods

1 4 4'

II 4 4

III 5 3

Iv .6.. 2 ..

6. 2 .

The use-efficiency percentage of a classroom was calcur
lated as follows:

Classroom Ares = 7.31m x 6.1m

.Period Actually Used = 2.7 hours

Total. time School .0pen = 5.25 hours ,

= 44.55m
2

Area of plassroom x Time usai x 10Q'Use-efficiency% -
Area of classroom x Total time school

open

=
44.55 x 5,25

= 51.6%
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TABLE 2 - CALCULATION OF USEmEFFICIENCY PERCENTAGE, maws'
This calculation was repeated for every space in the

building with the following results:

Class

Class II
=

=

'52%

52%

Class III 63%

Class IV = 76%
" ,

Class V = 76%

Verandah = 25%

11.11.Room = 25%

The use-efficiency of the building as a whole was cal-
culated as follows:

-2161211-2LAIMILSLULULAW. ect X Tia9 OW 100
Use-lefficiene7 % = Total area of building x Total time school .opens

(Area of spaces used. x Time used) is given by:

Class I 44.55rn2 x 4 x hg,
60 ""

Class II : 44.55m2 x 4 x AD,

60

Ciass III : 44.55m
2 x 5 3C at

60 -

Mass IV 44.55m2 x 6 x bre
60

Claes V : 44.35m
2 x 6 x

60 ""

Verandah 60.221322 x 5) +
60

11.14.Room 18.60m2 x iga
60

m(Area used x Time used)

Use.efficiency % for whole school

= 118.8m2hrs

'= 118.8m2hrs

= 148.5m2hrs

= 178.2m2hrs

= 178.2m2hrs

= 70.2m2hrs

= 24.8m2hrs
. )..

.= 837.5m21 ra

=fizz4.....ztio.= 53%

301.57 x 5.25
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1.3 INCREASED USk-EFFICiENGi

To achieve economy in buildings, increased use-efficiency
was attained by eliminating the less used slaces and by estab-
lishing rational relationships between teaching periods in the
school plan.

By eliminating the verandah and the headmaster's room,
the use-efficiency of the sehoOl building increased to 63%
and a reduction of 25% in space was obtained. These spaces
may be desirable features of schools but since their elimi-
nation does not strictly affect. education they may be left
out until more funds for construction are available.

'..

In an effort to achieve optimum use of classroom space,
the time-table was analysed and re-arranged. The rational
application of the time-table to the school building plan
(see Fig.2) indicated that a five-class primary school
could very well function with three classrooms only.

..41alrincreased the Use-efficiency to 89% and effected .

a reduction of 40% in the overalIteaching space require-
ments, es is indicated here in Table 3.

TABLE:3. REVISED USE-EFFICIENCY PERCENTAGE.OYSCHOOL.

TPachilif %UAW

Class Inaide Periods..

waserwsworms IIIMMIMMillarlogooramommussaummr

3

3

5

- ettitaide Periods

ethaallaing.ikalkiattal

4

3

3

5 3

1223Use-efficiency % for whole school = 41 3----192 = 89%
133407 x 5.25

. .

*I



12 -

FIRST PERIOD LUNCH BREAK

RATIONAL APPLICATION

OF TIME-TABLE

TO THE SCHOOL BUILDING



1.4 ACTUAL TRIALS IN SCHOOLS,

--Before any'final conclusions cbuld: be drawn from the aloo4e

study it was considered necessary to examine the implications

through actual observation. This was 'done in forty schools in

. and_around Roorkee, all having the basic education curritaum.

The experimehts were conducted on both' rainy and clear days.

1.5 .4. RIIi" S ON ' DAY

Since outdoor teaching during rainy periods was not

possible, it became necessary to aecommodate all students inf.

side the building. It was decided mnder such oonditione to
combine in one room Classes / and II and in another, Classes

III and.IV, while Class Nt was allotted the third room:*

In.the combined classes it was fciand that separate time-

tables for each class were not workable. It was then decided

to adjust the time-tables so that one class took Writing, while'

the other took Reading. This improved the situation a little.
Next, a time-table was tried in which combined classes were
taught the same subject. This enabled the combined class to
run smoothly with less strain on the teacher. The use-
efficiency of 'the spaces Was found to be 89%.

16 jZkZE2LkTOZL.,...4AiiDAYS

'

In this experiment an effort was made to achieve 100..
use-efficienay of spaces during the school day by staggering
the mide.day lunch break, but this did not find favour with

the teachers.

The time-table was agaih revised in the following way:

a) the mido.day lunch break was the same for all
.classes;

. .

..b) three classes were to be inside the building.,
and the two classes outside were to take
the same subjects at the same time, e.g.
gardening, physical training, craftwork
or games;

c) movement of classes was to be kept to a
minimum;

d) no space was to remain unused..

1.7 OBSKRVATIIE

The following points were noted during the eiperiment:

'a) Space was required for the bastas (satchels)
of students changing classes.



Toilets in a
cletctched

block.

PLAN 1. FOR 3-CLASSROOM SCHOOL WITH

SHELTERED SPACE FIGURE 3
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b) During bright sunlight, outdoor lessone were

uncomfortable.

c) On an average, 5 minutee were waeted each

time clasees moved frcim roam to room.

A solution to problems (a) and (b) above could be found by

providing same device for keeping teetae outoide on numbered

tat.patti (mats) and by providing some sheltered spaces for

outdoor activities during rainy or hot weather.

i. Three claseroomo with a sheltered space instead

of five classrooms are adequate for a school

of five classes.

Ogbilmmuse.of spaces is attained with 89% use-

effloiency.

iii. Students learn more through:activity programmes,

.which though included in.the curriculum are

often not realised.

The study also indicated that if school buildings are to

be economically and spatially efficient, they amid not be

designed by architects alone; educationists must collaborate

from the outset by indicating the use-efficiency of every

space and where possible dovetailingthe time-table with the

plan of the building.

1.9 EMMULN61

Ae a result of these findings and to cater for climatic

requirements, two alternative school plane have been developed,

one for a composite.climate where summer and winter are both

comparatively more severe and the other for himid.wet climates.

PIM 1 (tg.')
The use-efficiency experiments indicated the need

for a sheltered space in addition to three

-classrooms. The sheltered space is to be used

for craft works, clay work, spinning and, weaving,

etc. on normal days; in addition, on days of

inclement weather thia space can be used far

the class which would :normally be in the garden

fOr P.T. or gardening, and which could Join the

clean doing craft in the sheltered space.

This owe is located at 4 point where in combine?.

tion with the middle claosroom, it can serve as

a large area for combined activity. In uinter
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Toilets in a
detached
block

PLAN 2. FOR 3-CLASSROOM SCHOOL .WITH

SHELTERED SPACE FIGURE 4



with cold mind, or summer with hot wind, a
temporary partition or removelle shelves can
be arranged on tite open side to check
undesirable wind.

(ligm4)

The sheltered space will serve as teaching space
when it rains. Sirce all the doors of the
classrooms open onto it, the need for a
verandah is elindnated. Adequate cross
ventilation has also been provided in this
plan.

*OWN
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KFFECT OF cussupam REDUCTION ON EDUCATION

2.1 95EBBU

The iupervisory staff of the Education Department of

Saharanpur district (ULP.), India, became interested in the

research project conducted by C.B.R.X., Roorkee, because of

the possibility it envisages of economies in school buildings

through increased use-efficiency of availatae spaces in primary

schools'. The economy study was arranged by closing two class-

rooms in a fivo-claes school and examining its use ae a school

with only three rooms. It was, of course, required that the

standard of instruction should not suffer on account of the

reduced covered teaching space provided.

The study wae ultimately extended to about forty schools

in the Saharanpur district teaching the basic curriculum.

Louring the first stage of the experiment, an effort was made

to identify the pdhjects which could moot easily be taught

in open spaces uaing normal instructional pradtices. These

subjects included physical culture with games for

lower classes; bailie crafts such as claw work; gardening;

art and local crafts etc. The teaching of multiplication

tables to laver classes through clay balls, sticke and'other

activity methods is also easily taught in open or in sheltered

spaces.

With the present pattern of instruction, Classes I and

Mere required to attend school from 10 aim. until 4 p.m.

ails is a long and strenuous period for a child of six or

seven years of age. In the new time-table, these classes

will terminate at 3.20 p.m.

2.2 211.2554,91MELZKOME

Having identified the subject's which could be taught in

the open, and after studying carefUlly the educational spool-

fications, a time-table (oee Table 1) was evolved to suit the

new spatial provision. The time-table was such, that three

classes were in the building and two either outside or in

sheltered space, depending upon the subjects being taught.

As the experiment proceeded, the following problems were

faced by the teacherss-

1.1 The students bad to move in and out of the

claserooms with their heavy bastes -(satchels)

bung on their shoulders. It they left.thom

in the classrooms ouch difficulties °courted

as the loss of notebodks, pencils and slates.
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To solve this.problem, the provision of
shelves or-pegs was recommended. An econo-

mical solution was found by providing matting

(tatiiipattis) outside in the opens marked with
nuMbers where students could keep their
bastes. This worked fairly well.

it 'Outdoor. lessons for activity and creative.work
neCessitate regular physical movement from
.building to site and site to buildingvand it

.was observed by the majority of the teachers
that students mere refreshed and inviiorated

by this change of teaching location. Howyver

the time lost in change of classes (about five

minut4s) and the ridk of indiscipline nade
certain teachers unhappy. To mintraise this
'lost time, it was suggested that every room,
cost permitting, should be provided with two
doors, to be used respectively as exit and
entrance-. In the absence of extra doors,
students can be.guided to-move in single file. ,

This requires teachers to be more alert and .

conscientious of the need to maintain disoi-

pline. When this systematic movement was
practised,. roemeohanges were performed in

two minutes.

lit* A great responsibility vas laid on the teachers to
plan their lessons so as to finish within the
prescribed time. The movement from site to
building and building to site, and the resul-
tant improved planning of the lessaies )y the
teacher raised both the quality of inctruetion
and pupil interest and achievement.

2.3 T WS. j...M

kdifficulty which could not be entirely surmounted, was the

inclemenoy of the weather. During inclement weather, all five

classes had to be housed in three classrooms and a sheltered spac.
Two classes had to be combined, keeping in view their taitional

standards. The combination of Glasses I aad II was trodblesome
because of the larger nutber of children in these classes compared
with the more senior classes, and also because being less maturo
than the older classes thetwere less amenable to organisation,

On the other hand, coainations of Classes IV and V', or III and

IV, worked tolerably well.

The normal time-iable was ouspended during these Inclement
&vs, and wark of a type likely to sustain the interest of come

bined classes wasiplanned. For example, in language periods,
recitation and composition could be easily taught; in arithmetic

4
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periods, recapitulation of multiplication tables and mental

arithmetic proceeded satisfactorily. In the social studies

period, narration of simp2e.ipteneficand recapitUlatory ques

tions did wall. Such adjustments were pcor comOeneation for

the normal teaching work, but sinew the =Aber of inclement

days are quite smell and the economy in capital expenditure

on construction of school buildings:was very considerable,

the system could be reoommended.

44 1111.41%

At the end of the experiment, au opinion survey WO
conducted amongst the teachers and field staff, and the

general consensus of opinion mum-

i. The standard of instruction had improved.

4.. Students took more interest in their lessons.



_v IIPINIMPOW

- 21 -

CHAPTER. 3

CLIFATIC FEASIBILITY OF OUTDOOR TEACHING

3.1 MW,

In the preceding chapters an architect and an educationist

of Uttar Pradesh, India examined the possibility of teaching a

part of the Primary school curriculum in the open on the school

site. The architect concludes that, if this is educationally
feasible, the standard five-classroom primw school building

can be reduced by almost 40% in area. The educationist con-
eludes, after a period of experiment in some forty schools,
that use of the atter as well as the building, for teaching
results in greater student interest and improved standards of

instruction.

From.this it would seem that, first, sdbstantial per place
savings in capital investment can be achieved, allowing more

new places to be built, and second, that dropouts may be re-
duced through the improvement in quality of education.

In examining these studies the main doubt that must be
expressed is the feasibility of regular outdoor teaching in
relation to rainfall and thermal comfort. The Asian Regional
Institute for Sdhool Building Research therefore decided to
examine the patterns of rainfall in India and tentatively to
establish thermal comfort indices so'that those interested in
applying the results of the studies would be able to.evaluate
the probable success of indoor/Outdoor teaching in relation
to climatic situations other than that experienced in Uttar

Pradesh.

3.2 RAMA& 3/

Au examination of the mean number of rainy days for the
following twenty.eight Indian cities shows two distinct pat .

terns of distribution:

ABU BANGALORE JODHPUR NEW DELHI

AGRA BANDA KANPUR PATNA

AHMEDABAD BIJAIPUR LUCKNOW POONA
ALIGARH COINBATORE LUDHIANA ROORKEE

ALLAHABAD INDORE MADRAS TIRUCHIRAPALLI

AMBALA JAIPUR MADURAI VARANASI

AURANGABAD JHANSI MORE VISAKUPATNAM

ammamamoswsporrawarasairreemeN.swassamoamorramiseravassomansislmsame

3/ Data provided by C.BA.I. Roorkee.

See Graphs 1-8 at end of this paper.





In the southern part of the sub-continent from Nay to NoveMber

there are generally more than ftve rainy days per month and

from July to October the number increaseo to over eight.

In sharp contmast to this, in central and northern India

from June to September there may bs between 10 and 16 rainy gys

a month whilst, far the rest of the year there are only one or

two days On which tainfall. Graphs in the appendices illustrate

the pattern of rainy days inIndia. Some of this rain will fall

at night and some on days when schools are not open. Schools

are also on holiday in June or July when the frequency of rainy

days is greatest.

It imw be concluded from this brief examination- that

where rain balls on more than five or six days a monih, the

probable interruptions to the teaching programme oceasioned by

crushing the students from outside into inside spaces not de-

signed to contain them, would be intolerable.

Thuo for India, roughly south of latitude 190N (Fig 5) the

concelits outlined in the preceding chapters would probably not

be valid as far as building design is concerned, although the

value of otttdoor teaching is clear4 demonbtrittede

3321M4USCANZ

a) 2nuana,
Thermal comfort is sUbjective. Whilst complete

agreement may be obtained on what is therma14 un-

comfortablep it is unlikely that more than 60% or

70% of a group of peoPle will agree tliat any par-

ticular sitaation is thermally comfortable.

A further difficulty oceurs in connection with

the eppablishment of criteria for thermal comfort.

Webb*, has developed au index of comfort for a

population of acclimatised subjects in Singapore.

The comfort index, which is for an ordinary indoor

climate where radiation is limited, is based on

dry and wet bulb temperatures and air movement,

*Zhermal comfort occurs between an index of 75°F

and 850Pand the majority of the people vil/ be

comfortable at an indax of 76°F.

04110011,10H ,-0

a Webb's comfort index may be found in various articles and.papers

such as: InsuaLaeadradisuarma, 1961 (Deo) and 1962

(Jan) 2.32: Thermal comfort and discomfort; a review by

CANebb.

4
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The moe of this index for acclimatised'Indian

children sitting under shade trees is problema-

tical. However in the absence of the other

suitabl means of assessing thermal comfort, it

was thought the index might form a.useful if

rough guide. The study that fdilows is.thus

of comfort indices in certain Indian states

using Webbits criteria, applied to outdoor shaded

situations. The answersobtained will not be as

depenftble as if all of Webb's criteria for

measurement had been observed, but they will be

ofthe right order. In studies of this sort a

reasonable approximation is the most forwiticliwe

csehOpe, in the light of present knoWledge and

otthe highly sajecttve nature of thermal cos-

fort. An informed guess is better tban no

guess at all!

There is, however, a need'to extend Srivas-

tava's and Gupta's studies into the field of

thermal comfort. It is hoped that, using the

method adopted 'by Webb, a better idea can

eventually be obtained of the reaction of

children to the varying thermal situations

thwt they experience working outside in shade.

One of the main problems to be resolved in

this connection is the maximum comfortable

mind speed that can be tolerated.

In mudh of the mirth of India as well as in

countries suth as'Iran and Afghanistan where

winter temperatures are very low, it is already

customary ftr the children, who are often very

lightly clothed, to go outside for lessons in

the winter months, taking advantage of the

early morning sun. Thus we already know that

thermal comfort can be achieved outside.the

building. The problem that remainsis to

establish the optimdm Coaditions for thermal

comfort in autdoor'shaded situations lothe

various parts of India and in other countries

at; well.

Climatic: data provided by the C.B.R.I.,

Roorkee, indicated monthly mean dry bulb



temperatures, relatively humidity, and mind.

speels. In the case of Roorkee, for example,
the data wer Iteivarrariged as !alloys:

TABLE,4 CLIMATIC DATA FOR NOCEICIE, INDIA

MONTH Mean D.B.
Temp.oF

Mean W.B.
Temp. OF

Wind4peed
ft./Sec.

Mean Daily
Max.'0F

Jan. 46.4 158 68.4

Feb. 50.8 48 194

Mar. 61.3 54 220 83.8

Apr. 74.5 60 246 95.7

MINY 83.9 67 282 102.2

85.1 282 100.2

July 81.9 220 92.1

80.7 176 89.7

Sept. 77.9 150 90.5

Oct. 68.2 63 106 82.2

Nov. 55.4 51 es

1111MICEIN
79.6

Dec. 70

D.B. = Dry Bulb
W.B. = Wet Bulb

During the month of June, schools in Uttar

Pradesh are closed for vacation. Data for

this month can thus be discarded. From April

to August when mean daily maximum temperatures

are high, schools are open during the mornings

only from 7 a.m. to 12 noon. The mean dry

bulb temperature can thus safely be used for

estimating comfort indices during these months.

For the rest of the year schools are in atten-

dance from 10 a.m. to 4 p.m. and the mean daily



maxis= can be more realistically used. Data re-
arrangid in this way will then be as follows:-

TABLE 5 - HZ-ARRANGED CLDATIC DATA FOR ROOMS: INDIA.

MONTH

-11M11.2 IIIIIIUMIIII.
re

D.B.Tesp.
op

01119301111

W %Temp. Wind-
op Speed

I . ;.i.

. 7illrillinlaNiiiMMAMIliiiiii
M .,elirfiiA iilliMiiiiiiiiiiigiww.. 1,

O O L V A
rMIIIIIIIIIIIIP111111A II,

School Attendance

MIZ iriMMIFIMIli
illagagrilii

.1.IIIMIIIII
ourpomarimimpiammumummi

S C H
110111M111111111111

immrsrprm
C A I O Ne

Mrair,
1 .Mr111111111,MMWIla

.

N.
1.3

:111111MIMIMIMI
i a

ii .

Sab.....
a

... a a

1
A U

D.B. = Dry Bulb
V.B. = Wet Bulb

1.10ing the Webb nceogram, the equatorial comfort indices
for each month are as follows:-

TABLE 6 - THEMAL COMPORT INDICES ratt ROORKEE, INDIA

Equatorial Comfort
xiamsza.....

Notes

iLliakty4.222.,
11ti tr 3 a

.1.0Mullrabilillele
a a

r .

.4 ,,1.........2.gy
H O Q A

.

et 0 .. r .

..

t or? , II I. V; IA.:,

tilgUttaissall
rAgg.

marjauLlutalLoglutgLigassuudo.asztax.i.g.stralair.



The other 0C4.141004101..

latitude far MakelAs
fall into twoi g**6414 4 tci

1. Uindp.Speede;Wum
than 300 ft/oec.
for most of the
year

Ambala

Jhanoi

Lucknow

Ludhiana

New Delhi

Varanaei (Benares)

it.neri#2:ef the 19011.

#s Available,

2. Wind...Speedos=
than 300 ftiaec.
format of the
year
ellamolomorroarro.16rolowsworre

Abu

AC=
Ahmedabad

Aligarh

Allahabad

Aurangabad

%rode

Bijaipur

Indore

.Jal.pur

Zodhptis

:Kanpur

Phtna

In those oities with wind...speedo greater than
300 Wm. it will be assumed that wind breaks
can be provided to reduce the wind-speed to less
than 300 ft/sec. and on thie aostumption the two
groups have bean =mined fOr thermal comfort.

The full analysis io give in Table 7. From
thin it is clear that during the winter menthe,
thermal diocomfort Ix likely to be experienced
even inside :baildings and outside teaching in
the sun may prove thermally more eatiefactory.
The ',moon for teaching in the morning; only
during Xayt July and August are implicit in
the data and it ts also clear that the later
start and longer day in the winter months ie
to obtain benefit from the heat which ocears
later in the day.

1/ Spelling of the names of the cities mentioned above and
elsewhere in this paper are taken from 24gjlgag.hluaL

Mid...century edition, T.2. Londoui
Times Publi ng co;, 1939.
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TABLE 7 MEAN EQUATORIAL COMFORT INDEX 0F. (Notes *70°= lees than 700)

Jan.

.

Feb. Mar. Apr. May Jun. Ja147 Aug. Sep. Oct. Nov. Dec. Ht.above
Mean $4,11

ft.

Abu *70 *700 *700 *700 *700 .3 *700 *700 *700 *700 *700 *700 3,945

Agra *70° 700 76° 78° 74° 76° 75° 82° 78° 75° /0° 55,

Ahmeddbed *740 760 82° 820 75° H 750 740 830 820 770 750 163

Aligarh *700 *70° 750 770 730 0 75° 75° sr two 740 *700 613

Allahabad *700 710'77° 79° 75° 0 76° 750 81°
790 76° 700 32;,,

Ambala '. *700 .700 7$0 7.70 72D .760 760 830' 780 70 *700 692

Aurangabad *70.'750 770 li° *700 *700 770 760 750 740 1 905

Baroda *70 47°- 190 er 750 75° 740 82° 85° 115

Indere *700 76° 780 740 *70° *70° 78° 770 750 730 1 823

Jaipur *70° viO° .750 770 740 .750 73° 81° 78° 740 1,4$1

Jiansi *700 726%16° 79° 76° V .750 75o *70° 824

Jodhpur *70° 70° 750 78° i6° 750 73! 830 790 750A1790. 736

Kanpur *7001 70°c 7V is°fl 760 760 820 79° 76° *70° 41,?,

Lneknew *700 730 77° 76° A 770 76° 84° 81° *70° *700

Ludhiana

New Delhi

*700

*700

*700

_79°1

800 730 T 770 776 850 810 740 *700 812

*700 75°1 780
73o11111

76° 0

73o 750 82o 780 73° 4170o

Patna *700 70° 760 80° 76° 76° 81° 79° 75° *700 173

Roorkee flo° *700 *700 78° 72° N 750 700 78° 70° *70° *700 899

Varanasi *70P 710 g0 800 780 770 750 820 800 76° *700 250

An index of.ook = uncomfortably het
750F = uncomfortab4 cold
78°F = comfortable

S.L. = Sea Level

In areaa about 1000 ft. above mean sea-level and higher, outdoor

teaching will probably be difficult due to the wind*. ,For example, at:.

Abu, 3,943 ft. above mean sea-level winds are so strong and temeraturei

co law, that any outside activity not involving exercise, will probably

be imp4s4120.

Fig.6 show's the area in which proposals for outdoor teaching are

feasible, from the point of view of thermal comfort.



RILLELEJL"Aw
FURTIRR STUDIES

441 MEM
This paper reports on an hypotheeis and limited experiments

relating to a topic which is of great significance in bringing
education to more children. An expanded programme of construed-
tion is made possible through eavings achieved.in the reduction
of space in "schools. A. project .of such Importance is worthy of
itrther study to assesgv the long range effects resulting from
its implementation. These studies will naturally fall into
two diviaionss.

a) Architectural stu4es;
b) educational studies..

4.2 r ARC TURAL S

The north of Xndia has a 6ft:climate and this forms the
basis for the entire experiment. Thei.ollatite is typified also
by'very hi.gh dry bulb tempera:W.611ln the monthe from Yitrch to
.October and by very low temperatures in the mornixigs from
NoVendier to February. The experiatent in the forty 'schools
near Roorkee ie of about :Mg year's duration. There is a need
to extend the observations for a year or two in order t o cheek
beyond all doubt the conclusions readhed on thermal comfort.
The high wind speeds in some areas can on3y be Offset through
the use of wind.breaks. Can these breaks be constructed
easily? Is the dust which is common in pax ts of northern
India a nuisance?

Secondly, and arising from the question of thermal come
fort, there is the question of the establishment of a thermal
contort index for the people of north India. What combination
of wet and dr7 bulb temperatures and of wind speed do they
find most comfortable? Is the use of tie Singapore Comfort
Index valid for populations other than acclimatised
Singaporeans?

4. 3 614=...6.M/PNAI.,_s_EME

As can be seen from paragraph 24.1 above, greater res.
ponsibility is placed on teachera in laming lessons where
movement of classes from place to placTo at predate times is
planned. The proposals in this Paw pc, "sent a greater
challenge to, the ingenuit y. and orgair Iona ability of the
teacher 'than the,;1:arlier method.of coz'oanuous teaching in
one classroom for the whOle ar the schOol .dey.
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Certainly, bearing in mind the novelty of the expeciment
and the urgency of the school building problem, it would be of
interest to observe over a such longer period the effects of
Algid tine-tabling on their learning activities and their usual
behaviour. It is important to assess the effect, if any, upon
primary school classes of not having a "base.room".

4.4 ifinplatlia.EDUCAU21

One of the great gaps in kliow ledge in the school building
field, is that of the relationship between school buildings
and educational quality. We .have no objective evidence on
classroom shapes, little conclUsive research on the influence
of class size on learning; the importance of buipling shape
to efficient teaching and learning is not knownel there are
no categorical answers to the question of whether to build
horizontally or vertically and there is even substantial dis-
agreement on the amount of light needed in teaching spaces.

The experiment reported in this paper is of especial
value as it is concerned Ath a t opicabout which we, at
present know very little - "the need for shelter in connection
Ath learnine. Long .ago in India the *guru" taught success.
fully, under .a tree. At present the tree is replaced by build.
Jugs:: Somewhere between the two might, as the Paper suggests,
be a happy solution.

Mc Clarkin, W.D. ailaajallAingailaadu. Weir York,

Macmillan, 1965:

4
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