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CcrÐarit Bet¡avicr:r and Elerqv Ccnsuq¡tiq¡ j¡ Secondary ScttæIs

,,Derek crocne and David chesham, school 0f Archítectu.re and Building
Engineering, tJniversity of Bath, U'K-"

factor in thei-r success or failu¡e'

Læa.I tIre

instaf irnate'
Iarger to better
U:sefeAiry-

is 5,592 m'? .

Energ'y perfornrance was rneasured according-to ge¡reral. guidelines
(Z) using a-Ñonnafi=ea Perfornnnce Indicator (N'P'I') based on kilohlatt
hours per nìetres sguared of floorspace Per alìnrnn (kWh'/m'? per artnum) '
normalìsed for regional weather conditions' hours of use and exposure'
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The rnetered energy (electricity and gas) consurnptions of Hanham

and St Katherine's for Lhe y"rt 1985-86 \'ere 212.33 kwh,unf and 298'36
kWn/m'¿ res¡:ectively. This indicates that St Katherine's energy
consinptio; is scnre 4O.51t higher than Hanham. An analysis of figures
for paèt years reveals that this figure also indicates an uprtard trend
in t-he diiference frcrn 29.5* in I98I-82 (wt¡en the respective conswrption
levels r,¡ere 216.61 kwr/nf and
28O.53 kWh,/m'z ).

when consurption figrures are each corrected for regional r¡eather
differences (degrãe day fãctor = O.99 forboth schools), hours of normal
use and e*¡ros,rrã, they produce N.P-I- values of I75 for llanham anð 228

for St. Kaiherine's '^ttriðtr stiff indicate an r:nexplained difference of
30.29t betr.reen the t\Ào schools. As there was no recorded difference in
the hours of extra-nnrral use betueen the schools, it was concluded that
such a J-arge difference \^/as due to the patterns of energy use in each

school and the actions of their occuPants in terns of enerqy
consunç:tion.

An initial study in tv,ro parts was initiated to conply with a

research brief set byAvon County Cor:ncil as joint sponsor of.the.
project. This brief can be sunnerised into three resealch objectives:

i) to detennine wtrether particular occupants are ncre i[portant tt¡an
others in terms of energy managernent.

ii) to qualitatively scale 'occupant influence' $tith respect to
building fabric, control-s and services-

iii to provide information for an occupant-related energy policy for
secondary schools.

The first part of the study took the form of electronic monitoring
of air tefperatures a¡rd the opening and closing of doors and windows in
selected cl"ssroons in each school- The second part consisted of

on the ¡¡¡ork of Fanger (6).

The nronitoring data collected from corresponding rooms in each
school (Iangnrage laboratories, maths roorns, science roorns, etc) was

analysed for any difference bet\,leen schools oÍ: rooms using two-way
analyses of variance. Initial t-tests of the ceiling height and head
heigñt air terperatures revealed no significant difference betr¡reen the
two schools during the daY.*

This a¡ld subsequent references to 'day' refer to the normal r^orking
schoot day frorn approxìmately O84O to I73O, l4onday to Friday.
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There we or interaction effects of school or rocxn
on eithe any doo¡ or window was opened dr:ring the
day, or any door or window was left op".r d.rring
the day. a sl_ight, non-significant effect of school(IL 3.11 a significant interaction effect of
school x roorn (F = 2.963¡ df = I-;P=O.O1) on the total ti¡re any door or
window was left open in minutes.* For exanç)Ie, windows and doórs ¡,ere
reft open longer in the Hanham school naths rocrn than the st Katherine,s
school maths roqn but this situation h'as reversed for the troo J-anguage
laboratories.

This seems to indicate that occupants of St. Katherine's may be leaving
windo¡¡¡s and doors of certain rocnìs open over night, npre so than
occupants of Hanham. this may explain the slightly loruer night tj_ne
tsq)eratures recorded in st. Katherine's but is unlikeJ-y to account for
the difference in energ'y conswption on its or,vn.

These results suggest that there is very little difference betr.r,een
the ways in v¡trich doors and windows are operated in the tlvrf, schools

before npnitoring began.

In ternìs of confort, St. Katherine's school rooms 14€re generally
reported as more cqnfortable than tbose at Hanham (t = 2.16;9. = O-Oq1l.
This may indicate a more ccxrç>lex difference between the populations than
sinple behaviou¡aÌ va¡iation, given that there r¡rere no d]-flerences
betueen the tenperatr:res of the roans in each school.

It seems likely that the source of the difference bet\,veen the tr¡¡o
schools lay in the \"rtþle pattern of how each buirding and its resources
are used rather than differential responses to discornfort. rn terrns of

organisation's activities as a h'hole wiII play an irrportant part in
determining how that organisation utilises energy.

In the light of results brought out in the first hal-f of the study, the
questionnaíre information was anarysed in order to identify nrrre ãonplex
energy-rerated activities and the sociar and organisational factors that

*For exanple winclows and doors !,Jere left o¡:en longer in the Hanham
School maths roorns than the st. Katherine's school maths room but. thissituation was reversed for the træ language laboratories.



352

influence these activities. As the questionnaires were role group

specific, they will be discussed in terms of the relationship between

tr¡Ð or more role groups.

Têâchers, upils and caretakers

In response to the question "If you \^tere feeling too warm in a rocm at
school wtrat r,,ould yoì do?", the majority of pupils asked (Hanham pupils
= 73.3t. St. Kathe;ine's pupils = 35?) indicated that they raould

probable actions that nay be taken by a teacher in these circunstan.es.

@en windows (95.348)
Adjust Tnernpstat (5L.6221
@en Doors (4I.868)
CorçIain (37 .2Iz)
TelI Caretaker (32.553)

The first and third rrcst popular actions have already been
exarnined for their effects in the first half of the study and the second
most popular action tends to contradict subseguent teacher responses
because only eight teachers reported ever having adjusted a thernþstat-
It must also be rsre¡nbered that these actions refer to responses to
personal disccrnfort and not to the reported discornfort of others.
Teachers nny utilise a different repertoire of actions wtren responding
to conplaints fron pupils. Conplaint nray lead to further conplaint.

If ue therefore concentrate on the last tr¡o nost popular actisns'
conplaining and telling the caretaker, ue find that these are highly
related. the majority of teachers (60.47S) report that they would
conplain directly to the caretaker (followed by the Bursar (25.58t). In
terms of the school organisation this is inportant. Since infornraÌ
ccnplaints tend to be ccrmmnicated horizontally, fron teacher to
caretaker, rather than vertically, frorn teacher to heaùnaster, this may

reveal a deficit in conmunication between the heaùnaster a¡d other
occupants of the school. This is further highlighted when the sanre
informati-on is broken dovm by school. liot only is it the case that cnly
t\,,¡o people fron each school reported ever having ccnplained directly to
the heaùnaster but nearly twice as many teachers at St. Katherine's
reported colrplaining to the caretaker than teachers at Hanham (78-53 as
opposed to 42.1-*).

Ihe fatter represents an inportant difference betl.teen the Lrn¡c school
øganisations. Atthough nrcre people said they had conplained at Hanham

Q1.62l than at St Katherine's (38-13), these corrplaints tended to be
diræted to a wider range of people a¡d organisations. The occupants of
llanham reported corçIaì-ning to the local Cor:ncj-I and the Health and
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Safety Officer as rnell as to people within their particular school. The
effects of these ccnplaints on the actions of any particular re¡nber of
the school organisation is lessened scnÊwhat by the a.bsence of any
ctm:lative support. Tlre ccnplaints of occupants of St. Katherine's,
hovæver, by being principally directed to the caretaker, are likely to
have a rnarked effect on his actions by virtue of their cu¡rmfative
weight.

Caretakers and teaörusters

It is interesting to note that the Hanham School caretaking staff seem
less responsive to ccrry)laints than their St. Katherine's School
colleagues in any situation. Only J-O* of Hanham teachers reported
getting a quick response (less than 1 rninute) to their last corç1aínt as
opposed to 3Ot of the teachers at St. Katherine's. Sirnilarly, 60? of
Hanham teachers reported getting a slow response (greater than L day) to
their last conplaint as opposed to 4Og of St. Katherine's teachers.
F\:rthernore, in ansr,er to the question "If you receive corplaints fran
teachers that the schoo-L is too cold, r¡trat do you do to alter the
tenperature"?, the Hanham ca¡etaker replied that he "cannot physical-ly
do anything" whereas the St. Katherine's caretaker listed ,'check boilers
... adjust the valves ... check thernostats". These ansltìers are
nÊdiated, hor.never by those of the t¡¡Ð assistant ca-retakers to the saÍe
question. The Hanham assistant ca-retaker ansr.rered sinrilarly to the St
Katheriners ca¡etaker whereas the assistant caretaker at St. Katherine's
replied "leave it to thern".

AJ-though the caretaker at Hanharn naintained that teachers, pupiJ_s,
office staff and the assistant caretaker a1f altered roqn thenrìostats as
qæII as himself, his assistant refuted this by pointing out that the
securing screws on rþst themþstats had been replaced with Allen screws,
making it inpossible for any one to alter the settings without the
necess¿rry equipnent. The caretaker at St. Katherine,s maintained that
no one but himself ever al-tered the heating control_s, including the
E.M.S. settings, whereas the caretaker at Hanham reported that the
hea&naster reguì,ar1y alters the E.M.S.' settings.

This is supported by infornation given by both heaònasters. The
heaùnaster of Hanham reported having tr:rned down roorn therr¡ostats and
altered lunch-tine E.M.S. settings, whereas the heaùnaster of St
Katheriners insisted that he never in+-erfered witì any of the heating
controls.

Both heaùnasters nafiìed their respective caretakers as key people in
the schools' energy managenent and both reported having ,'influenceã" the
settings on heating controls made by the caretakers. This influence
seeÌLs to have been by way of infornnl "suggestions" and discussion in
the case of St Katherine's heaôraster but nrcre direct in the case of the
heaùnaster of St. Katherine,s (e.g. asking for heating to be switched
off, conplaining of being too hot, etc.)
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Discussiq¡

It is irportant to rersnber that the Present paper is a report on
r,"ork-in-þrogress and as strch is lacking in a ccrçlete analysis of the
data so iar collected. For exanple, other iÍPortant occupant role
groups in the school organisation, such as catering and clerical staff'
Ãavqnot yet been integrated into our analysis. No doubt their
influences on the fi:nctioning of the school organisation represents an

inportant factor in the way it consr¡nes resources such as energly'
Fuithe.ttor", the data utilised by this analysis vras not collected with
the aim of providing ccnplex relational information but rather to
provide infòrmation on the activities of speci-fic occuPant role groups'

Neverthefess, with the information already available to us, we are able
to present a nrnnþr of interesting, if tentative, conclusions concerning
the consrurpticn of energw by secondary schc¡ols.

Firstly, it see¡ns likely tlìat a crucj.al factor involvecl in how
energy is used in such schools is the cqrrmrnication on infornntion
within the school organisation concerning the functioning of its
physical services. If one views corçIaint as negative feed-back on the
performance of services, then their directions within the organisation
and the responses rrnde to thern becone vital in tenrls of energy
conservation.

If conplaints are conveyed horizontally within the organisation,
as in the case of St. Katherine's School, and are then responded to at
this fevef, there nny be a risk of over-reaction and a decision based
solely on the feedback frorn classrooms without any nediative input frcrn
a&rlinistrative levels. Conversely, if corçlaints are conveyed to a more
diffused range of people and organisations, as in the case of Hanham
High SchooJ-, then the effectiveness of coçlaint as an active feed-back
mechanism is lost. Conplaints to bodies outside the innìediate school
organisation further exacerbate this loss.

These conrm:nication netr¡¡crks can be t'¡p-directional however, and
the "influence" of those at higher levels of the organisation on the
energy consurning activities of those at the lor^¡er Ievels must also play
a vital part in the ways in which the organisation as a rrtrole consurìes
energy. As the main aûninistrative decision-nraker in the school
organisation, the heaùnaster shoufd not only play an active role in
responding to conplaint, but should also be sufficiently motivated to
exert a 'conservatiónist' influence on the activities of those below
him.

A deeper, systønic analysi-s of the dynamics of school organisations
seenìs a profitable way forward in an atterrpt to understa¡d their use of
energ'y. For exarq)le, futr:re studies could examine the co-orientation
betr¡een the different occupânt role groups rather tha¡ their specific
energry-related activj-ties. This v,pu1d alLow a deeper understanding of
the school's social system and the way each role gror.rp interacts within
this system; so providing insights into the school's use of energy as a
tn¡hole.
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clossary of Statístical Terms

t-test:

E,:

on Brergy

3

5-

Several widely used hypothesis testing procedures, the
relevant procedure used in the above exa¡nines the null
hypothesis that the neans of trac populations are equal to
each other.

Analysis of Variance (A¡(-wAì: An inferential statistical prccedure usedto test the null hy,pothesis that the neans of three or r,prepopulations are equaÌ to each other.

P,
df:

F.

Also called.the "alpha level" or "Ievel of sigrnificance" of
an hypothesjs test. lt is the probability of rejecting atrue null hypothesis.

is used to denote this probabiJ-ity in analyses of variance.

The degrees of freedqn of a population, usually N-1.

The value calcul"ated by AIíOVA to indicate the validj.ty of anull hypothesis.


