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PREFACE

In most Asian gountries ‘there is a need 4o stretch the annual
budget for primary school tuildings bo its Iimit so that the maximum
wumber of new places is constructed annually. In such a context the
educationist faces the slternatives of providing mcre conventional
building solutions for fewer children, or devising obther and perhape
lesg orthodox ways of getting more children into school without
lowering the quality of education provided. ‘

There are many ways of tackling this provlems more places can
be providéd by reducing the grogs covered avea por student, by lower-
ing the cost of construction, ‘by ‘arranging for -the building to be
used in shifts and 80 on.

Tt was with these problems in mind that in 1964 the Asian
Reglonal Institute fo. School Building Resesrch produced a paper
entitled " Comparative Study of Multi-Purpose Rooms in Educational
Buildinga®. Tn this a wethod was introduced for accurately
meaguring the utilisation of space in schools by means of a use-
factor. The method involved comparison of the optimum use of each
wnit area of covered space fur every hour of the day, with the actual
uge per hour. The resulting ratio gave the use~factor.

Examination of schools in the Apian Reglon showed use-factors
as low as 25% to be guite common.

In & country such ae India the application of these ideas is
of epecial relevance for although the oyerall enrolment in' Indian
primary schools is high, the raunber of children yet to be housed is
such as to require very heavy capital {nvestment in building. More-
over, first-level education which ir. India is a State E?aponsibility
hag developed at different rates from state to state. Some states
thus face a much more formidable primary achool building programe
tli%n ré:;.‘gh‘a be thought to be the case frow a study of the overall
giiugulon,. ) - ’
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In 1966, Mr.R.D.Srivastava, architect at the Central Building
Rese.rch Insbtitube, Roocrkee, India, started further work on use-
efficiency with a view to achieving economy of space in Indian
schools. BHe decided, as a result of this, to establish ways of
making more sensible use of space in primary schools. Working
with Dr.B.M.Gupta, District Inspector of Schools for Saharanpur
(G.P.}, India, an experiment was gtarted, the object of which vas
to achleve maximum use of covered space through the provision of
classrooms only for teaching those subjects which coudd .ot he
taught outslde on the school site. '

The result of this work was to increase the use~factor to 85%
and to reduce the gross coverad area of the standard primary school

by 40%.

Clearly, the approach to the problem involves much more than
& mere reduction of the area of 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 eclimatic conditions
for outdoor teaching. ‘

The Asian Reglonal Ingtitute, whilst publishing the papers of
Mr.Srivastava and Dr.Gupta, has provided an analysis of rainfall
and a tentative study of thermal comfort conditions in India which

will, it 1s 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 flelds of poéaible further study in re-
latlon to points arising from the two papers.

Thls paper outlines an approsch through a study of the odged onlmn
and the corresponding need for covered space. The comclugions™ -
reached mey be thought unreasonable by those used to more conven-
tlonal 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 have no opportunity of primary
edueation,
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SUMMARI

In at attempt more closely to relate the size of primary schools in Uttar
Pradesh, India, to the teachlng activities, an experiment was conducted in which
in some forty schools, classrooms were provided only for leseons for which covercc
space was essential. 211 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
nioa needed for a primary school building, but that the use of the slite as well
ns the building for lessons resulted in greater student interest a3 well ag ir
roved standards of fuatruction. .

Oubdeor teaching cepsnde upon clement weather. Climatic conditions in Indiz
seve therefors examined and it was concluded that outdoor teaching is quite
feasible in Indiz north of a latitude of 199N and below an altitude of aboub
2,000 £t. above mesn sea=~level.

Further study of long-range effects of this experiment would be of consider-
able advantage in view of its significance to school building in India. Archi~
tacturally, long~range weather observatlons are necessary to check conclusions on
shormal comfors and further work could be done on establisbment of a thermal cone
forb index for the pcople of North India. Educationally, further atudy over &
vizplod of one or two years is meeded on the effecta on teaching and teachgrs, and
leerning and pupils, of the proposals for changes in time=teble, and non-provision
5t base-rpoms for all classes. ‘

SOMMAILRE

Afin @'établir une relation plus Stroite entre les dimensions des écoles
reimaires & Uttar Pradesh (Inde) et les activitds. de l'enseignement, on tenta uce
axpérience par laquelle, dans quarante dcoles, des salles de classe furent fournies
sewlement pour les lecons qui exigealent un espace couvert, Toutes les autres
clasges eurent licu, & elol ouvert, sur les terralus de 1'école.

Les résultats prouvent qu'il est non seulement possible de réduire de 40%
1lespace nécessaire & l'enseignemsnt dang une &éccle primaire, et que l'emplol du
terrain en mime temps que 1'emplol de 1'école elle-méme eut comme résultatb une
augmentation de 1Vintérdt apporié & leurs Studes par les étudiants alnsi qulune
amSlioration du niveau d'enseignemsnt.

L'engeignement & ciel ouvert dépend de la clémeuce.du temps. Les conditions
climatériques en Inde furent donc examindes et on arriva & la conclusion que
1'engeignement en plein air est trds possille en Inde au nord d'wad"leatitude de 196 -
ot au-dessous d'une slbitude d'onviron 2,000 pieds,su~-dessus du niveau de la mers

Une étude plus approfondie des conséquences les plus réculdes de ces
expérionces seralt d*un avantage considérable étant donné 1l!'importance qu'elle
présente pour la construction d'écoles en Inde. Du point de vue architectural,
des observations prolongdes du tewps sont nécessairea dans le but d'obtenir
des conclusions sur le confort thermal, et des iravaux plus |igprofondls : pourrai-
ent mener & 1' &tablissement d'une liste alphabStique sur la question de confort
thermal & 1'intention des habitants ¢ nord de 1'Inde. Du polnt de vue de .
1'enseigmement, des études plus prolongées pendant une pdriode d'un ou deux ans
geraient nécesgaires pour se rendre compte de l'effet produit sur 1'engelguement
et sur les professeurs, et d'autre part, sur les ftudes des éldves et sur les
etudiants eux~-mAmes, ainsi que des propositions de changements des programmes,
ot le fait qu'il n'existera pas d'espaces couverts pour toutes les classes.
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CHAPTER=1

ARCHITECTURAL APPROACH TO INCREASED USE OF SCHOOL SITE
AND BUILDINGS

1.1 JNTRODUCTION

In Indie there is a continving and increasing demand for
new school places and better teaching facilities from the very
1imited funds available. Millions of school-going children
are required to be housed Ja school, buildings to meet the
national target of compulaory primary schooling. This natur-
ally requires & very large mumber of school buildingas. It dis,
therefore, necessary that every possible saving be achleved
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 uge existing spaces to the
moximum, In designing new schools all obher things being
equal, reductions in the areas provided will result in re-
ductions in coste In India very little information is avall-

' able regarding costs and design standards for various types
of school building.

A gtudy on use-dfflcilency of school spaces was therefore
made, aimed at finding out how economies in spaces could be
effected through continuous use during the school day of
gpace in school buildings and on school. gltes.

102 USE-EFFICIENCY

In mogt of the schools in India, verandahs are provided
for the sole purpose of circulation. There are other rooms
which are never uged full-tine. This leads to increases in
cost. To detormine the extent of use of spaces it 'was
necegsary ‘to study the teaching time~table in relation to
the plan of the tuildinge

From this study it was possible to express the actual
uge of sach space in relation to the length of the school day = -
during which the bullding was in use. The use-efficlency per-
contage is defined as the ratio between the actusl and ldeal
use per sqeft. per hour, as follows:

Use-Bfficiency® =

'i‘o area o pa availabl x Total time ‘

school. open
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A typicsl scheol bullding plan of five classrooms
(see Fige1) was related to the time-table being followed in
local primary schools and & sample. formula is worked out ocn -
the followlng pages. ~

The time-table in terms of outdoor and indoor periods
is indicated below:-

- aEam. Raeeaaus . jrv - _ Y e—— 3
[PERIODS: - - 1at ndl 3rd [ 4th | 5th | 6th 7th
TIME 1O awme] 10.10 | 10455 | 11,40 | 12.25 | 1,10 | 1.50 | 2.30 | 2.0
10.10 | 1055 | 11.40 | 1225 | 1.10 | 1,50 | 2.30 |3.%0 | 2.50
- : - s S ey
R R (ouT) | | (0UT) i Sociall
v P Hindi | G.Sei | Maths | Games | "y Eng- | Craft |Stndy
& & lish : '
| n | Agri. r.T. o .
v | | HEtnat | (0UT) | Eng~ | (0UT) |y | Maths |Socid|Gen.
S Craft | 1lish Games | Study { Sci.
A & . c:
N— . P - -
ITT | ¥ | Soctal| (0UP) | Hinat | Mathe | | (OUT) |Eng- |Gen.
| | Study | Craft | e 1. Games | ligh | Sci,
| B | | 1 L,
, 11 (OUT) | Maths | (OUT) [Hindi | 5 [ Socid|Count-| =~
‘ R Crafh Games Study | Ing &
& R | tables
POT. a
I (oUT) | Hindi | (OUT) | Hingi | E (OUT) |Maths | ~ .
| |'Craft | - Sociel | write | - Games | - |
I | study’ | ing A & i
J‘ o O K PoTo |

TABLE { = PROPOSED EXPERIMENTAL TIME-TABLE FOR A 5-CLASS PRIMARY SCHOOL

‘School day: 16th April = 31 August ¢~ "7 &ime’ to 12 noon
- 18t September = 15th April: 10 a.m. 0 4 pem

Long Vacation: 18t to 30th June
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FOURTH PERIOD < -4+ SEVENTH PERIOD

SCHOOL BUILDING PLAN
FOR 5-CLASSROOM SCHOOL |

RELATED TO THE
rooms unoccupied TIME -TABLE

] rooms  occupied

FIGURE 1




The S5i~hour teaching day (10 a.m, = 3.15 pem.) with
. eight periods of forty minutes (including luncheperiod) was
the general pattern. The study revealed that the use-
efficiency percentage of the school building was 53% and"
that of the verandah and master's rocm was as low as 25%.
The use-~efficiency percentage of classrooms ranged from
~ 52% to 76% as is indicated in Table 2 belows: e

TABLE 2 = CALCULATION OF USE-EFFICIENCY PERCENTAGE OF THE

L )

SCHOOL
Zeaching Perjods:
Class : Ingide Periods Outside Pe,rioda',, B
e o _ . L -
I 4 b
I 4 4
I1I 5 3
| o 6. 2.
‘ 6. 2.

The uge~efficiency percentage of & classroom was calcu-
lated as follows: };

Classroom Ared =7.3mx 6.1m = 4o 5507
. Period Actually Used = 2,7 hours T |
| Total Time School Open = 5.25 howrs ., . . |

_ A .
| Use-efficlency® = Tro =of cleseroom X Totel tims eshool

open

i ' | 44055 x 5.25

51.6%
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TABLE 2 = CALCULATION OF USE~EFFICIENCY PERCENTAGE, continued

This calculation was repeated for every space in the
building with the following results:

524

" Class I =
© Clase II = 52%
Clags III = 63%
Class IV = 76%
Class V = 76%
Verandah = 25%
HM.Room = 25%

The use-efficiency of the building as a whole'. wag cale-
culated as follows:

o . - ) od x T 3
 Use-efficiency # = F5t.T aron of building > Total time schiool opens

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

Class I : 44955“‘2 x4 x é% hrg = 118.8m%hrs
Glass II @ 4he55m° x 4 X @y = 18807
. 2
Closs III :' 44.55u° x5 x é% bre = 148.507hre
Class IV : 44a55m° x 6 x 42 1rs = 178.2u%hre
Glass V: 4hos5n° x 6x 42 1 = 178.2n°hra
2 ,
Verandsh : 0.2 x(6x A2 = 0.2
. . 2
H.M.Room 18.6@ X % = 24.8m2hr8
 =(Area used x Time used) = 837 '5“‘2"'3
Use-efficiency % for whole school = 8305100 = 53

301057 X 5425

\
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1.3 JNCREASED USE-EFFICIENCY

To achieve economy in buildings, increased use-officiency

was attained by eliminating the less used spaces and by estab-
lishing rational relationships between teaching periods in the
school plan. . :

By eliminating the verendeh and the headmaster's room,
the use-efficlency of the school building increesed to 63%
and e 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 aveilable.

In an effort to achieve optimum use of classroom space,
the time-table was analysed and re-arranged. The rational
. application of the time~takle to the school building plan
(see Fige2) indiceted that a five-class primery school
could very well function with three classrocms only.

oo Z3hid increased the use-efficlency to 89% and effected
a reduction of 40% in the overall teaching space reguire-
nments, as is indicated here in Table 3.

‘

TABLE 3. REVISED USE=EFFICIENCY PERGENTAGE OF: SCHOOL

E

Class | Inside Periods . Outeide Periods

b=t
-t
W w

IIT
. .
i |

Vi W\ \Onee
W OWw W NN

2= 23T x 100 _
eeretficlency § for whole schocl = 1537 x Bezs,~ O

vy e

Aruitoxt provided by Eic:

ERIC




|
- 12 -

LUNCH BREAK

Vo1 | | 1V "

THIRD PERIOD . | SIXTH PERIOD

11 | BV I
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FOURTH PERIOD ‘| 'SEVENTH PERIOD

RATIONAL APPLICATION
OF TIME-TABLE

rooms occupied
TO THE SCHOOL BUILDING

rooms unoccupied

FIGURE 2




1.4 ACTUAL_TRIALS IN SCHOOLS

""" Before any final coliclusions could be drawn from the above
. study it was considered necessary to examine the inplications

through actual observation. This was done in forty schools in
. and.around Roorkee, all heving the basic éducation curriculum.

The experimehts were conducted on both rainy and clear days.

ERIMENTS ON DAY

Since outdoor teaching during reiny periods was not
poseible, it became necessary to accommedate all students ln~
side the building. It was decided under such conditions to

_ combine in one room Classes I and II and in another, Classes
"¢ IXI and IV, while Clase V was allotted the third roome ;-

In the combined classes it was found ‘that separate time-
tabler for each class were not workable. It was then decided
to adjust the time-tsbles so that one class took Writing, while
the other took Readinge. This improved the situatlion a little.
Next, a time~table was tried in which combined clesses were
taught the seme subject. This enabled the combined clase to
run smoothly with less strain on the teacher. The use-

" efficiency of the spaces wes found to be 89%. T

. 1.6 EXPERTMENTS ON_NORMAT, DAYS

In this experiment an effort was made to achieve 100% ..
use~efficiency of spacee during the school day by staggering
the mid=day Junch breek, but this did not find favour with
the teachers. ’

The time-tsble was egeln revised in the following weys

- a) the midnd&y lunch break wes the seme for all
, . -classes; o “ o

.b) three classes were to be inside the building’
and the two classes cutside were to take
the same subjects at the same time, é.g.
gardening, physical training, craftwork
or gemes;

¢) movement of ¢lagses wes to be kept to a
minimum;

d) no space wes to remain unused.

1.7 OBSERVATIONS -
The following points were noted during the experiment:
i

;Q,'f“fa) Space wes required for the bastas (satchels)
of gtudents changing classes.

N\
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b) During bright sunlight, outdoor lessons were
unconfortable.

'¢) On an average, 5 ninutes were wasted each
time clasges myed -from room te room.

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

providing scme device for keeping bastes outside on numbered
tat-patti (mats) and by providing sowe gheltered spaces for
outdoor activities during rainy or hot weather.

1.8 EINDINGS

i. Three classrooms with a sheltered space instead
of five classrooms are adequate for a school
of five classes.

ii. Optizmm use.of spaces is attained with 89% upe-
Offl“-()iencyo

334. Students learn more through activity prograxmes,
which though included in.the curriculum are
often not realiged. '

The study elso indicated that if achool buildings are to
be econcmically end spatially efficient, they should not be
designed by architects alones educaticnists mst collaborate

_ from the outset by indicating the use-effliciency of every
' space and where poseible dove g the time-table with the
plen of the bullding. :

1.9 SCHOOL FLANG

. As 8 result of these findings and to cater for climatic
requirements, two alternative school plane heve been developed,
one for & composite climate where summer and winter are both

comperatively more severe and the other for humid wet climates.

_, Elanl (Fig.3)

' The uge~efficlency experimente indicated the need
for a sheltered spece in addition to three
. classrooms. The sheltered space is to be used
for craft work, clay work, spinning and veaving,
etc. on normal days; in addition, on days of
inclement weather this space can be used for
the clase which would normally be in the garden
for P.To or gardening, and which could join the
class doing craft in the sheltered space.

This space is located at a point where in combina~
tion with the middle classroom, it cen serve as
a large aree for combined activity. In winter
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with cold wind, or summer with hot wind, a
temporary partition or removable shelves can
be arranged on tue open side to check
undesireble wind.

M (u804)

The sheltered space will serve as teaching space
when it rains. Since all the doors of the
classrooms open onto it, the need for a
verandeh is eliminated. Adequate crossw
ventilation has also been provided in this
plan. )

£ mmmmmee e,




CEAPTER=2
 EFFECT OF CLASSROOM REDUCTION ON EUUGATION

2.1 GENERAL

The gupervisory staff of the Education Depertment of
Seharanpur district (U.P.), India, became interested in the
research project conducted by C.B.R.l., Roorkee, beceuse of
the possibility it envisages of economies in school buildings
through increased use-efficiency of aveilable spaces in primary
achools. The economy study wes arranged by closing two class-
rooms in & five-class school and examining its use as 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 was ultimately extended to about forty schools

in the Saheranpur district teaching the basic curriculum.
the first stage of the experiment, an effort was made

to identify the subjects which could most easily be taught
in open spaces using normal instructional practices. These
subjects included physicel culture with games for . .
lover classes; basic crafts such as clay work; gardening;
art and loosl orafts etce The teaching of multiplication
tables to lower clasges through clay balls, sticks and other
activity methods is also easily taught in open or in sheltered
£paces.

With the present pattern of instruction, CGlasses I and
Ilere required to attend school from 10 a.e. until 4 p.i.
ibie is & long and stremuous period for a child of six or
geven years of age. In the new time~table, these claspen
will terminate at 3.20 p.m.

2.2 THE TEACHING TIME-TABLE

Having identified the subjects which could be ‘taught in
the open, and after studying cerefully the educationel speci-
fications, a time-table (see Table 1) was évolved to sult the
new spatial provision. The time-table was such, that three
clamses were in the building and two elther outside or in

- sheltered space, depending upon the subjects being taughte
As the experiment proceeded, the following problems were
faced by the teachersi-

4. The atudents had to move in and out of the
classrooms with their heavy bastas (satchels)
hung on their shoulders. If they left them -
in the classrooms guch difficulties ocovrmed
as the loss of notebooks, 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 meitlng
(tatepattis) outside in the open, marked with
mmbers where students could keep thelr
bestase This worked falrly well.

11.:0utdoor lessons for activily and creativa work
7. necessitate regular physical movement from
‘building to eite and site to building, end it
‘was observed by the majority of the tsachers -
that students were refreshed and invigorated
by this change of teaching location. However
the tims lost in change of classes {about five
' minubes) and the risk of indiscipline mads
cortain teachers unhappy. To minimiss this
lost time, it was suggested that every roca,
cost peruitting, should bs provided with two
doors, to be used respectively as exit and
entrance. In the absence of extra doors,
' gtudents can be guided to move in single file. -
This requires teachers to be more alert and .
consciontious of the need to maintein dlscl-
pling. Waen this systemallc movemenh: was
- practised,. roomechanges were performed in
two minutes, -

‘413, A great responsibvility was laid on the teachers to
plan their lessons so as Yo finish within the
prescribed time. The movement from site to

lding and tuilding to elte; and the regule
tant impreoved planming of the lesgons My ths
teacher ralsed both the quallty of ingiruction
and pupil interest and achievemant.

2.3 IHE WEATHER

A @ifficulty which could not be entirely surmcunted, was the
inclemency of the weather., During inclement weather, all five
classes had to be houged in three classroomg and & sheltered spac..
Two clagses had to be combined, keeping in view thair tultional
standards. The combination of Classes I and II was troublesome
because of the larger nurmber of children in these classes compared
with the more senior ¢lssses, and also bscause being less maturo
than the older classes they were less amenable to organisation,

On the other hand, combinations of Classes IV and V, or III and
IV, worked tolerably well. | .

The normal time=table was suspended during these Inclement
days, and wark of a type likely to susiain the intersst of com~
bined classes was plamned. For example, in language psriods,
recitation and composition could be easily teught; in arithmetic
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periods, recapitulation of multiplication tables and mental
arithmotic proceeded satisfacterily. In the social studies

. period, narration of simple stoMes:dnd recapitulatory ques-
tions did well. Such adjustwents were poor compensation for
the normal teeching work, but sinee the mmber of inclement
dsys are quite small and the econoxy in capital expenditure
on construction of school tuildings wae very considerable,
the system could be reccemended.

2./, EINDINGS

At the end of the experiment, an opinion survey was
conducted amongst the teachers and field staff, and the
general ccnsensus of opinion wagi-

i. The ataidard of instruction had improved.

ii. Students took more interest in their lessons.




CHAPTERG23
" CLIMATIC FEASIBILITY OF OUTDOOR TEACHING

301 ...‘GE!%
~ In the preceding chapters an architect and an educationist

of Uttar Pradesh, India examined the possibility of teaching a
pert of the primary sechool curriculum in the open on the school
site. The architect concludes thet, if this is educationally
feagible, the standerd five-claesroom primery school building
oan be reduced by almost 40% in area. The educationist con-
cludes, after a pericd of experiment in some forty schools,
that use of the site, as well ag the building, for teaching
regults in greeter student interest and improved stendards of
instruction.

From this it would seem that, first, substantial per place
savings in capital investment can be achleved, allowing more
new places to be built; end second, that dropouts may be re-
duced through the improvement in quality of education.

In exemining these studies the main doubt that must be
expressed 1s the feasibility of regular outdoor teaching in
relation to rainfall and thermal comfort. The Asien Regional
Institute for School Building Resgearch therefore decided to
examine the patterns of rainfall in India and tentatively to
esteblish 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
;: elimatic situatione other than that experienced in Uttar

adeshe 4

3.2 RATEALL &

An examination of the mean number of rainy days for the
following twenty~-elight Indian cities shows two distinct pate
terns of distribution:

ABU BANGALORE  JODHFUR NEW DELHI

AGRA BARODA KANPUR PATNA

AHMEDABAD BIJAIPUR LUCKNOW POONA

| ALIGARH COIMBATORE ILUDHIANA ROORKEE
N ALLAHABAD  INDORE MADRAS TIRUCHIRAPALLI
| AMBALA JAIPUR MADURAX VARANASI
AURANGABAD JHANSL - MISORE VISAKHAPATNAM

3/ Deta provided by C.B.R.I., Roorkee.
See Graphs 1-8 at end of this paper.
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In the scuthern part of the subecontinent froa Yay to November

there are generally more then five rainy days per month and
from July to October the number increases to over elght.

In sharp contzast to this, in central and northern India,
from June to Septeber there may ba between 10 and 16 rainy days
& month whilst, for the rest of the yesr there are cnly one ox
two days on which ¥ain fall, , Graphs in the sppendices 1llusirsia

the pattern of raisy days in India. Some of thls rein will fall

at night and some on dsys when achools are not open. Schools
_ are also on holidsy in June or Jaly when the frequency of rainy
deys 1s greatest.

It may be concluded from this brief exemination; that
where rain falls on more then five or six daye a month, the
probable interruptions to the teaching programme occagioned by
crushing the students from outside into inside spaces nob de~
signed to contain them, would ba intolerable. ‘

. Tuue for Indis, roughly south of latitude 19°N (Fig 5) the
concepts outlined in the preceding chapters weuld prokably not
be valid as far as building design is concerned, although the
valus of outdoor teaching is clearly demonstratéde

a) Saparad

Thermal comfort is subjective. Whilst complele
agrecment mey be obtalned on what is thermaliy une
comfortable, it is unlikely that more then 60% or
70%4 of a group of people will agres tuab ary par-
ticular situation ls thormally comfortable.

A farther difficulty occurs in conngction with
the establishment of criteria for thermal comfort.
Webb® has developed an index of comfort for a

pulation of acclimatiged gubjects in Singaporg.
The comfort index, which is for en ordinery indoor
olimate where radistion iz limited, is based on
dry and wet bulb temperatures and air movement.
“mermal comfort occurs between an index of 750p
_end 850F and the majority of the people will be
comfortable at an index of 78°F. :

e

L/ Webb's comfort index may be found in varicus articles and papers
guch as: Jndisn congtrugtion journal, 1961 (Dec) and 1962
‘(;Jan‘?‘ %g-Bzz Thermal comfort and discomfort; & review by
‘ o« XeWBDD, ‘ , .

e




The use of the index for acclimatised Indian
children sitting under shade trees is problema=-
tieal, However in the absence of the other
suitable means of assessing thermal comfort, it
wos thought the index might form a.useful if
rough guide. The study that follows 1s thus
of comfort indices in certain Indian states
uging Webb's criteris, a ed to outdoor shaded
gituations. The ancwersobtained will not be as
dependsble as if all of Webb's criteria for
meagurement had been observed, but they will be
of the right order. In studies of this sort &
reasonable approximation is the most for whichwe
cmhope, in the light of present knowledge and
of the highly subjective nature of thermal com-
fort. An informed guess is better than no

. guess at alll -

There is, however, & need to extend Srivag-
tava's and Gupta's studies into the field of
thermal comfort. It 18 hoped that, wsing the
mothod adopted by Webb, a better idea can
oventually be obtained of the reaction of
children to the varying thermal situatlons
that they experience working outside in shade.
One of the main problems to bo resolved in
this connection is the maximum confortable
wind speed that can be tolerated.

Tn much of the north of India as well ag in
countries suth ag Iren and Afghenisten where
winter temperatures are very low, it is already
customary for the children, who are often very
1ightly clothed, to go outside for lessons in
the winter months, talking advantage of the
early morning sun. Thus we alveady know thet
thermal comfort can be achievec outside the
tuilding. The problem that remnins 18 to
ertablish the optimum conditions for thermal
‘comfort in outdoor ‘shaded situations in' the
varizﬁ perts of India and in other countries
as w . . o

{
1
]
4
4
!
1
1
!

Climatio deta provided by the CoBaRI.,
Roorkee, indicated monthly mean dry buld -

R
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temperstures, relatively humidity, and wind-

speoeds.

the data were Bs-arrariged as Tollows:

TABLE./ - CLIMATIC DATA FOR ROCRKEE, INDIA

In the case of Roorkee, for example,

W.B. = Wet Bulb

r— “
MONTH Mean D.B.| Mean W.B. | Wind-Speed | Mean Daily ‘
| Tenp.F | Temp. 9F | ft./sec. | Max, OF
I Jan, 4644 &by 158 68.4
Mar, 61.3 54 220 83.8
e —-—-i
Ape. V45 60 246 95,7
83.9 67 282 102.2
ey
July 81.9 ™ 220 92.1
Sept. 79 13 150 0.5
. Oct. 68.2 63 106 8202
Nov., 5504 5 88 7906 |
Dec, 7303 1 70 114 R 712
D.B. = Dy Bulb

During the month of June, schools in Uttar
Pradesh are closad for vacation.
this month can thus be discarded.

Datsa for
From April

to August when mean daily maximum temperatures
are high, schools are open during the mornings
The mean dry

bulb temperature can thus safely be used for
estimating comfort indices during thesge months.
For the rest of the year schools are in atten-
dance from 10 a.m. to 4 p.m. and the mean daily

only from 7 a.m. to 12 noon.
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paximum can be wore reaiistically ugseds, Date re-
arrenged in this way will then be as followas=

TABLE 5 = RE-ARRANGED CLIMATIC DATA FOR ROORKEE, INDIA,
inoxm] D.B.Tempe] WoB.Temps Wind- l Schooy, Atbendance |

OF op Speed

' $£844. b 158 L. 10 aeB. = 4

[ Feb, N2sk 194, : o

Mox, 8290,

|78 245’# 7%....12.&9.@...
[y B2 ..

21 220 ) 7 8.@..= 12 DOOR.

77 116 [ ] a

63, 105 e n

31 88 _ | u "
Naf.. d.. 00 1 b " L

D.B. = Dry Bulb
YeB. = Wet Bulb

Using the Webb nomogram, the equatoriel comfort indices
for each month are a3 followgie

TABLE 6 =~ THERMAL COMFORT INDICES FOR ROORKEE, IXNDIA

YONTH | Equatorial Comfort Notes
0""5

Jan, Joss ih‘ 1) 1,
Fab, H
] [l

LY

EKC

Aruitoxt provided by Eic:
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The other mvm
latitude for whieh. ¢limate
£all iato two gietips o Lollow

@ \north .of the 190N.
5:5 kavailable,

2¢ ¥ind-Speeds

1o Wind-Speeds
than 300 f£t/sec.
for most of the

than 200 ft/sec.
for most of the

yoar year .
“-_ - " [ > —rp

Azbala Abn - Bijeipur

Jhansi Agra Indore

Lucknow Ahmedabed _Ja:?.pur

Ludhiana Aligarh Jodhpin®

New Delbi " Allahabsd | Kanpur

Varanasi (Benares) Aurengabad Patna
Baroda

In those gities with wind-speeds greater then
300 £t/soc. it will be assumed that wind bresks
can be provided to reduce the wind~gpeed to less
than 300 fi/mec. and on this assumption the two
groups have been examined for thermsl comfort,

The full analyeis 1s give in Table 7, From
this it 18 cleer that during the winter months,
thermal discomfort is likely ito be experienced
even inside buildings and outside teaching in
the gun may prove thermally more satisfactory.
The reason for teaching in the mornings only
during May, July and Augnst are implicit in
the data and 1t i8 also clear that the later
start and longer dey in the winter months is
to obtain benefit from the heat which occurs
later in the day.

S I — PR

5/ Spelling of the names of the cities mentioned above and
elsewhore in this paper are taken from Iho Times Atlog
W Mid-contury edition. +.&s Londeuy
Tixes Publishing co;, 1959, |
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TABLE 7 - MEAN EQUATORIAL COMFORT INDEX ©F. (Note: *70°= less then 70°)

Jane| Feb.|Mar, |Apr.|May | Jun.| July Aug, | Sep. | Octs |Nov. {Dec. Ht.above

Meen S.ld
£t.
A w709 #709| ¥700 | w700 | w70°] -8 | #70°| w70° |w70R | w700 {700 |wroR | 3,945
bgra wioo] 00| 60| meo| mo| ¢ | 76°| 70| 80| 80| 70| M| 553

70| 40| 83°| 8P| T°| 15° 163

7501 75°| 81°] 80°| 74° [*70°| €15

Ahmedabed | #74°| 76°) 80| 8| 75°
. |ddagern | #70°| *10°| 75°| T1°) 73° il
| | A126havaa | #7109 710| 770| 790} 750 760| 750| 810| 79°| 60| MO0] 3R |
ambala | #109] 709 70| 7re| 10| L | 76e| 60| &30| 60| O [MI00| 892
surangabed | ¥759 750| 770] 80| 730|... -|#r00|wro0| 0| 760| 750 | M| 1,905 "

¥

1o jolimiaoin

.

Ravodn | ¥50| 71o 10| o] wol | wso| e | mo{ R | 7Ol 115
Indore | ®70°| 729 76°| 78°| | . |*70° wi0°| 78°| 7P| 75° | 70| 1,823 |
e s e R R R I R R R K R

.

Themet | %700, 720) 7¢0! 7o0| 76°) v | 950 750 | 50| w5°| ° [¥r0®| 824
Jodhgr | #109] 70| 759 nee| 70| & | 50| 73°| 83°| 79°| WO [ur00) W36
Ranpar | *700] 700| 75¢| 7¢9| 75° 760| 76°| 8z0| 790 | 760 er00| 4143

e |wr00| 739 710) 70| 76| & | 70| 76| 84°| 10 [wo° wree| 371

L]

Indniems | %700|¥700l 759| €00 73¢| T | TI° 770 | 850 810 740 [Wj00| 812
New Delhi *70; x700| 750| 78| 73°| T | 73°| 75| 82°| 78°| 730 |*10°| T4
Patos #7090 709 76°| 80°| 76°| O | 76° j&" 81| 79°| 75° (70°| 173 n
Roorkee  |¥ip®| %700 #700| 780} 720\ N | 750| 70| 78| 70° [*70°0 W00 | 839
m w100 19| 800| 80°| 7g0| | 770| 750 82°) 80°| 76° [¥700| 250 |
An index of 85°F = uncomfortably hob y SeL. = Sea Level

250F = uncomfortably cold
78%F = comfortable |

In areas about 1000 f£t. above meun sea-lovel and higher, outdoor " -’
teaching will probably be difficult due to the wind. -For example, at:" =
Abu, 3,945 ft. above mean sea-level winds ave so strong and temperstures
so low, that any outside activity not involving exercise, will probably

be impessible.

Fi’g;6"nhiovia the ares in which proposals for outdeor teaching are
feasible, from the point of view of thermal comforte )

\
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FURTHER STUDIRS .

4ot GENERAL

This psper reports on an hypothesis and limited experiments
relating to a topic which is of great significance in bringing
education to more children. An expaiided programme of construc-
tion 1s made pospible through ssvings achieved .in the reduction
of space in schools. A project-of such importance is worthy of
further study to assess the long range effects resulting from
jtes implementation. These studies will naturally fall into
two dlivisionsie

é; Avchitectural studies;
b) BQucational studies..

4+2 FURTHER ARGHITEGTURAL, STUDIES

The north of India has a dry climate and this forms the
basig for the entire experiment, The climdte is typified also
ty very high dry bulb temperatures in the months from Merch to
‘October and by very lov temperatures in the mornings from
November to February. The experisent in the forty schools
nesr Roorkee iz of about otie yeer's duration. There is a need
to extond the observations for a year or two in order to check
beyond all doubt the conolusions reséhed on thermal comforte
The high wind speeds in soms areass can only be offaet through
the use of windebresks, Cen these breaks be congtructed
easily? Is the dust which is common in parts of nortiern
India & nuisence? ’

Secondly, and arising from the question of thormal cote
fort, there is the question of the establisiment of a thexmal.
confort index for the people of north India, What combination
of wet and dry bulb temperaturea and of wind speed do they
£ind most comfortable? Is the use of the Singapore Comfort
Index valid for populations other than acclimatised
Singeporeans? ~

4e3 PURTHER EDUCATTONAL, STUDTES

Ag can be seen from peragraph 2.2.1 above, greater rege
ponsibility is placed on teachers in planring lessons where
movement of clesses from place to plars at precise times is
planned, The proposels in this Papsr p ssent a greater
chellenge to the ingenuity and organ’sa’ ional ablility of the
teacher ‘than the.earlier method .of co=uamumus teaching in
one claseroom for the whole of the school daye :

L4
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Certainly, bearing in mind the novelty of the experiment
and the urgency of the school building problem, it would be of
interest to observe over a mach longer period the effects of
rdgid time-tabling on thelr learning activities and their usual
behaviour. It is important to assess the effect, if any, upon
prizary school classes of not having a “base-room".

44y BULLDINGS AND EDUCATION |

One of the grest gaps in imowledge in the school building
field, is that of the relationship between school bulldings
_and educational quelity. We have no objeetive evidence on
classroom shapes, little conclusive regesarch on the influence
of class size on learning; the importance of tul ¢ shape
to efficient teaching and learning is not knowngs/ there are .
no categorical answvers to the question of whether to build
horizontally or vortically and there is even substantial dig-
agreement on the amcunt of 1ight needed in teaching spaces.

The experiment reported in this paper is of especlal
value as it is concerned with a topic-about which we, at
present kmow very little - "the need for shelter in connection
+ with learning®. Long ago in India the “guru' taught success-
fully under a tree. At present the tree is replaced by build-
inga.. Somewhere between the two might, as the Paper suggests,
be a happy solutlion. | |

¢/ Mo Clurkin, W.D.  Sohiodl tulldine olagning. New York,
Macmillan, 1965« ' -
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