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V A R I A T I O N S  I N  HOUSEHOLDERS1 WINDOW OPENING PATTERNS, 

G I L L I A N  CONAN 

' C o r d u f f "  C a r r i c k m i n e s ,  C o u n t y  D u b l i n ,  I r e l a n d ,  





SYNOPSIS , 

The window open ing  s u r v e y  was conce rned  w i t h  i d e n t i f y i n q  
t h e  o b j e c t i v e  c o r r e l a t e s  o f  window opening,  P r e l i m i n a r y  
a n a l y s i s  i n d i c a t e d  t h a t  t h e  nurnher o f  openah l c  windows i n  
a d w e l l i n g  was an  i m p o r t a n t  e x p l a n a t o r y  v a r i a b l e .  R e s u l t s  
showed t h a t  t h e r e  were s m a l l e r  d i f f e r e n c e s  i n  window open- 
i n g  l e v e l s  be tween house t y p e s  when t h e  p e r c e n t a g e  o f  open 
windows was t a k e n  a s  t h e  r e l a t i v e  measure t h a n  when t h e  
a b s o l u t e  number o f  open windows was c o n s i d e r e d .  I t  was 
found  t h a t  t h e  v a r i a t i o n  between househo lds  i n  t e rms  o f  
t h e i r  t o t a l  d a i l y  window open ing  was g r e a t e r  t h a n  t h a t  
w i t h i n  househo lds .  I t  was s u ~ g e s t e d  t h a t  h o u s e h o l d e r s  
a d o p t e d  c o n s i s t e n t  window open in^ p a t t e r n s ,  an h y p o t h e s i s  
w h i c h  r e c e i v e d  s u p p o r t  f r o m  t h e  f i n d i n g  o f  a  s t r o n g  p o s i -  
t i v e  r e l a t i o n s h i p  between window o p e n i n g  i n  d i f f e r e n t  rocm 
types .  

A p o t e n t i a l  mode l  o f  window open ing  was proposed.  O n  
t h e  b a s i s  o f  f i n d i n g s  f r o m  t h e  a n a l y s i s  o f  obse rved  r e l -  
a t i o n s h i p s  between window open ing  i n  c e r t a i n  room t y p e s  
and s e l e c t e d  weather  pa rame te r s ,  i t  was h y p o t h e s i s e d  t h a t  
a l t h o u g h  window open ing  was p r i m a r i l y  a  f u n c t i o n  o f  e x t e r -  
n a l  a i r  t e m p e r a t u r e ,  r e l a t i v e  h u m i d i t y  and windspeed were 
i n f l u e n t i a l  a t  h i g h  v a l u e s .  I t  was f u r t h e r  h y p o t h e s i s e d  
t h a t  a l l  househo lds  f o l l o w  a  s i m i l a r  c u r v e  o f  window open- 
i n g  a n a i n s t  i n c r e a s e s  i n  t e m p e r a t u r e  b u t  t h a t  t h e  t h r e s h -  
o l d  t e m p e r a t u r e  m a r k i n q  t h e  f o o t  o f  t h e  c u r v e  v a r i e s  f r o m  
househo ld  t o  ano the r ,  

A n a l y s i s  showed t h a t  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  
ave rage  p e r c e n t a g e  o f  open window o b s e r v a t i o n s  i n  each  
househo ld  was skewed t o  t h e  r i q h t .  Thus, i n  o r d e r  t o  t e s t  
t h e  model,  househo lds  were d i v i d e d  i n t o  t h r e e  g r o u p s  
( h i g h ,  medium and l o w )  on t h e  b a s i s  o f  t h e i r  window open- 
i n g .  R e s u l t s  showed t h a t  t h e  r e l a t i o n s h i p  between temper- 
a t u r e  and  t h e  t h r e e  g r o u p s  was a s  p r e d i c t e d ,  

THE STUDY. 

The t h e o r e t i c a l  s i g n i f i c a n c e  o f  v e n t i l a t i o n  i n c r e a s e s  
as  i n s u l a t i o n  s t a n d a r d s  improve .  I t  i s  c o n s e q u e n t l y  
i m p o r t a n t  t h a t  h o u s e h o l d e r s 1  window open inc  p a t t e r n s  
s h o u l d  be unde rs tood .  The p r e s e n t  window open ing  s u r v e y  
was t h e r e f o r e  conce rned  w i t h  i d e n t i f y i n g  t h e  o b j e c t i v e  
c o r r e l a t e s  o f  window open ing  as  w e l l  a s  t h e  s u h j e c t . i v e  
m o t i v a t i o n s  f o r  t h e  open ing  and c l o s i n g  o f  windows. tjouse- 
h o l d e r s  were a l s o  asked a h o u t  t h e  c f f e c t s  o f  r o e c i f i e d  
wea ther  c o n d i t i o n s  i n  t h r e e  room t y p e s  i n  w i n t e r  end 
summer, I 'owever ,  o n l y  t h e  r e s u l t s  o f  t h e  obse rved  d a t a  
w i l l  b e  d i s c u s s e d  i n  t h i s  paper ,  



METHODOLOGY . 

T h e  s a m p l e  c o n s i s t e d  o f  113 h o u s e h o l d s  o n  t w o  l o c a l  
a u t h o r i t y  e s t a t e s  i n  Z i d d l e s e x  ( a t  C o w l e y  N = 78 ,  a t  
Mezen  N = 35). T h e  h o u s e s  were o f  s imi l a r  p h y s i c a l  c o n s -  
t r u c t i o n  b u t  were o f  e i g h t  d e s i g n  t y p e s  w i t h  d i f f e r e n t  
e l e v a t i o n s  a n d  v a r y i n g  w i n d o w  a r r a n o e m e n t s .  T h e y  a l l  h a d  
p a r t i a l  ? a s  c e n t r a l  h e a t i n g  t o  P a r k e r - F : o r r i s  s t a n d a r d s ,  

1 . 2  D a t a  S o u r c e s .  

T h e  s t u d y  made  u s e  o f  t h r e e  c i a i n  d a t a  s o u r c e s ;  a 
s e r i e s  o f  s y s t e m a t i c  w i n d o w  o b s e r v a t i o n s ,  mean h o u r l y  
m e t e o r o l o ~ i c a l  d a t a  a n d  a p o s t a l  q u e s t i o n n a i r e .  

1.2.1 Window O b s e r v a t i o n s .  

A l l  113 h o u s e h o l d s  were s u r v e y e d  o n  o n e  d a y .  T h i s  w a s  
r e p e a t e d  1 0 0  t imes d u r i n g  t h e  p e r i o d  f r o m  O c t o b e r  1 9 7 9  t o  
A p r i l  1 9 0 0 .  T h e  d a y s  a n d  t imes  were c h o s e n  i n  s u c h  a  way 
t h a t  e a c h  h o u s e  was  s u r v e y e d  twice  a t  e a c h  h o u r  b e t w e e n  
9a.m. a n d  6p.m,.  I t  i s  i m p o r t a n t  t o  n o t e  h o w e v e r  t h a t  t h e  
h o u r s  r e c o r d e d  a s  t h e  h o u r s  o f  v i s i t  w e r e  n o t  n e c e s s a r i l y  
t h e  e x a c t  times a t  w h i c h  t h e  o b s e r v a t i o n s  were m a d e ,  F o r  
e x a m p l e ,  a n  o b s e r v a t i o n  r e c o r d e d  a s  h a v i n g  b e e n  m a d e  a t  
3p,m,  w o u l d  a c t u a l l y  h a v e  b e e n  made s o m e t i m e  be'ween 3p.m. 
a n d  4p.m,.  T h i s  was b e c a u s e  o n  a v e r a g e  i t  t o o k  t w e n t y -  
m i n u t e s  t o  m a k e  a  r o u n d  o f  o b s e r v a t i o n s .  A window w a s  
r e c o r d e d  a s  o p e n  i f  t h e  b o t t o m  f r a m e  o f  t h e  window w a s  
jud:ed t o  b e  m o r e  t h a n  1" a w a y  f r o m  t h e  f r a m e .  4 window 
w a s  o t h e r w i s e  r e c o r d e d  a s  c l o s e d .  Yhen t h e  1 0 0  o b s e r v a t -  
i o n s  h a d  b e e n  c o m p l e t e d ,  t h e  d a t a  were s u m m a r i s e d  t o  f a c -  
i l i t a t e  t h e  a - a l y s i s  o f  w i n d o w  o p e n i n g  p a t t e r n s  i n  i n d i v -  
i d u a l  r o o m s .  A c o u n t  was made  o f  ( a !  t h e  t o t a l  n u m b e r  o f  
o p e n  w i n d o w s  a n d  o f  ( b )  t h e  n u m b e r  o f  o p e n  ( i )  s i t t i n g -  
r o o m ,  ( i i )  k i t c h e n  a n d  (iii) m a i n  b e d r o o m ,  w i n d o w s  i n  e a c h  
h o u s e  o n  e a c h  d a y .  T h e  i n d i v i d u a l  f i 9 u r e s  f r o m  e a c h  h o u s e  
were t h e n  summed t o  g i v e - t h e  riu.ll;_ler o f  w i n d o w s  ( t o t a l ,  
s i t t i n q - r o o m ,  k i t c h e n  o r  m a i n  b e d r o o m )  o p e n  o n  t h e  e s t a t e  
f o r  e a c h  o f  t h e  1 0 0  d a y s .  

K e t e r e o l o l i c a l  r e a d i n g s  f o r  f i v e  w e a t h e r  p a r a m e t e r s  - 
0 

e x t e r n a l  a i r  t e m p e r a t u r e  ( c ) ,  r e l a t i v e  h u m i d i t y  ($) ,  



w i n d s p e e d  ( k n o t s ) ,  r a i n f a l l  ( m m ) ,  an?  s r rnsh jne  d u r a t i o n  
1 /10  h o u r )  - were  o b t a i n e d  f r o m  t h e  m e t e r e n l o p i c a 1  ~ t a t i o n  
a t  H e a t h r o w  A i r p o r t .  The mean v a l u e s  r e c o r d e d  were  f o r  
t h e  s i x t y  m i n u t e s  i r r m e d i a t e l y  f o l l o w i n o  t h e  s t a t e d  h o u r  o f  
o b s e r v a t i o n ,  

ANALYSIS AND RESULTS OF TPE 03SERVED DATA. 

2.1 q a s i c  S t a t i s t i c s , .  

The  a v e r a g e  d a i l y  n u m b e ~ ~ 0 f  t o t a l  open windows, 
day  , ( T O T A L ) ,  

1 0 0  
a n d  t h e  s t a n d a r d  d e v i a t i o n  a b o u t  t h a t  mean, was c a l c u l a t e d  
f o r  e a c h  house,  The number  o f  t o t a l  open  windows f o r  t h e  
o b s e r v a t i o n  p e r i o d  f o r  t h e  t w o  e s t a t e s  comb ined  h a s  a  mean 
o f  1.27 ( N  = 1 1 3  h o u s e h o l d s )  a n d  a  s t a n d a r d  d e v i a t i o n  o f  
1.5 window o b s e r v a t i o n s .  T h i s  f i p u r e  i s  l a r g e r  t h a n  t h e  
s t a n d a r d  d e v i a t i o n  o f  t o t a l  d a i l y  w indow o p e n i n o  f o r  most  
o f  t h e  i n d i v i d u a l  h o u s e h o l d s  ( f i r u r e  1) i n d i c a t i n o  t h a t  
t h e  v a r i a b i l i t y  b e t w e e n  h o u s e h o l d s  ( i n  t e r m s  o f  t h e i r  
t o t a l  d a i l y  w indow o p e n i n g )  was [ l r e a t e r  t h a n  t h a t  w i t h i n  
h o u s e h o l d s .  T h i s  e s s e n t i a l l y  means t h a t  w h i l e  some house-  
h o l d e r s  d i d  f l u c t u a t e  i n  t h e i r  w indow o p e n i n n  f r o m  day t o  
day,  t h e y  w e r e  s t i l l  f a i r l y  c o n s i s t e n t  o v e r  t h e  100  days  
- some h o u s e h o l d e r s  c o n s i s t e n t l y  opened o n l y  a  f e w  windows 
w h i l s t  o t h e r s  c o n s i s t e n t l y  opened' s e v a r a l  win?ows. 

2,1,2 The number o f  w indows o b s e r v e d  t o  b e  open i n  r e l a t i o n  t o  
t h e  number o f  o p e n a b l e  windows. 

F i g u r e  2 i s  a  s c a t t e r q r a m  o f  t h e  r e l a t i o n s h i p  o e t w e e n  
t h e  number o f  o p e n a b l e  w indows i n  a  d w e l l i n g  and  t h e  t o t a l  
number o f  w indows o b s e r v e d  t o  b e  ooen i n  each  house  o v e r  
t h e  1 0 0  days,  The r e s u l t s  o f  a W i l s o n  C h i  S q u a r e  T e s t  
show a  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  t h e  number o f  open- 
a b l e  wi.ndows i n  a  house  a n d  t h e  t o t a l  number r s c o r c i r d  a s  
open (x2= 25.19, d f  = 5, p <  .01). TF7is f i n d i n ?  i s  t a k e n  
t o  i n d i c a t e  t h a t  t h e  number o f  o p e n a h l e  windows i r - !  a house  
i s  a  p o t e n t i a l l y  i m p c r t a n t  eXD lan ; l t o ry  \ / a r i r t b l p ,  It u 2 s  
t h e r e f o r e  d e c i d e d  t h a t  r e s u l t s  w o u l d  h e n c c f o r t h  b e  7x0- 
r e s s e d  a s  p e r c e n t a n c s .  ' s i ~ e v e r ,  i t  m u r t  b e  n o t e d  t h a t  
when t h e  p r o p o r t i o r  ~f open w i n d o u s  i n  e ~ c h  house  i s  u s e d  
ir e s e c c n d  c h i  s q u z r e  t e s t ,  C I S  r P s u l t s  3r9 s t i l l  s i ~ s i f -  
i c a n t ,  t ho r l r , h  t h i s  t i l e  or!y ;~ t  ?tie 55: l e \ v c l .  



T a b l e  1 g i v e s  t h e  mean p e r c e n t a g e  o f  t o t a l  o p e n  window 
o b s e r v a t i o n s  o n  t h e  t w o  e s t a t e s  ( N = 1 0 0  d a y s  i n  e a c h  case) .  
T h e  mean p e r c e n t a ~ e  o f  o p e n  window o b s e r v a t i o n s  i n  t h e  
t h r e e  room t y p e s  i s  a l s o  g i v e n .  T h e  t a b l e  s h o w s  t h a t  o n  
b o t h  e s t a t e s  t h e  w indows  i n  t h e  main b e d r o o m  were o p e n  
m o r e  f r e q u e n t l y  t h a n  t h o s e  i n  e i t h e r  t h e  s i t t i n q - r o o m  o r  
t h e  k i t c h e n .  T h e  s i t t i n q - r o o m  windows  were s e l d o m  o b s e r -  
v e d  t o  b e  o p e n .  

H o u s e h o l d e r s  h a v e  b e e n  shown  t o  b e  f a i r l y  c o n s i s t e n t  i n  
terms o f  t h e i r  d a i l y  w indow o p e n i n g  ( f i g u r e  I ) ,  S c a t t e r -  
g r a m s  s h o w i n g  t h e  r e l a t i o n s h i p s  b e t w e e n  window o p e n i n g  i n  
d i f f e r e n t  r oom t y p e s  were d r a w n  - e a c h  d i a g r a m  h a d  1 0 0  
p o i n t s  m a r k i n g  t h e  p e r c e n t a g e  o f  o p e n  w indows  i n  o n e  
p a r t i c u l a r  room t y p e  a g a i n s t  t h e  p e r c e n t a g e  o b s e f v e d  t o  b e  
o p e n  i n  a n o t h e r  room t y p e  o n  t h a t  d a y  ( N e 1 0 0  d a y s ) .  
A n a l y s i s  o f  t h e s e  d i a g r a m s  i n d i c a t e s  t h a t  h o u s e h o l d e r s '  
c o n s i s t e n c y  e x t e n d s  a c r o s s  room t y p e s ;  t h a t  i s ,  t h e r e  i s  
a s t r o n g  p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  window o p e n i n g  i n  
d i f f e r e n t  r o o m s .  H i g h  a n d  s i g n i f i c a n t  c o r r e l a t i o n  c o -  
e f f i c i e n t s  were o b t a i n e d  f o r  e a c h  s c a t t e r g r a m  c o n f i r m i n g  
t h e  h y p o t h e s i s  t h a t  h o u s e h o l d e r s  a d o p t  g e n e r a l  window 
o p e n i n g  l e v e l s ,  H o w e v e r ,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  
t h e s e  c o r r e l a t i o n s  d o  n o t  n e c e s s a r i l y  i n d i c a t e  t h a t  
w i n d o w s  i n  d i f f e r e n t  room t y p e s  a re  o p e n  s i m u l t a n e o u s l y ,  
t h o u g h  t h i s  may we l l  b e  t h e  case, 

T a b l e  2 s h o w s  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  
b e t w e e n  o p e n  window o b s e r v a t i o n s  a n d  w e a t h e r  p a r a m e t e r  
v a l u e s  a t  t h e  h o u r  o f  o b s e r v a t i o n ,  T h e  c o r r e l a t i o n s  
b e t w e e n  o p e n  window o b s e r v a t i o n s  a n d  e x t e r n a l  a i r  t emp-  
e r a t u r e  a r e  h i g h l y  s i g n i f i c a n t  a n d  t a k e  h i g h  v a l u e s  f o r  
a l l  room t y p e s  o n  b o t h  e s t a t e s  ( 1 t a i l e d  t e s t ,  d f  = 98, 
p  < . 0 1 ) .  T h e  r e s u l t s  f o r  o t h e r  w e a t h e r  p a r a m e t e r s  d i f f e r  
a c c o r d i n g  t o  e s t a t e  a n d  room t y p e ,  A l l  t h e  c o r r e l a t i o n s  
f o r  r e l a t i v e  h u m i d i t y  a r e  n e q a t i v e ,  U n d e r  a n u l l  h y p o t h -  
es is  t h a t  r e l a t i v e  h u m i d i t y  h a d  n o  e f f e c t ,  t h i s  r e p r e s e n t s  
a  p r o b a b i l i t y  o f  1 i n  256. A l s o ,  f o u r  o f  t h e  c o r r e l a t i o n s  
a r e  h i ~ h l y  s i g n i f i c a n t .  S i m i l a r l y ,  t h e  c o r r e l a t i o n s  f o r  
w i n d s p e e d  a r e  a l l  n e o a t i v e ,  t h o u g h  o n l y  o n e  i s  h i g h l y  
s i g n i f i v a n t ,  S e v e n  o f  t h e  s u n s h i n e  d u r a t i o n  c o r r e l a t i o n s  
a r e  p o s i t i v e ,  f o u r  a r e  h i q h l y  s i g n i f i c a n t .  H o w e v e r , t h e r e  
i s  n o  a p p a r e n t  r e l a t i o n s h i p  b e t w e e n  r a i n f a l l  a n d  o p e n  



w i n d o w  o b s e r v a t i o n s  o n  e i t h e r e s t a t e .  
T h i r d  o r d e r  o o l y n o m i a l  f i t s  o f  t h e  o p e n  c t indow o b s e r -  

v a t i o n s  f o r  e a c h  room t y p e  a c a i n s t  e a c h  o f  t h e  f i v e  
w e a t h e r  p a r a m e t e r s  were d r a w n .  E x m i n a t i o n  o f  t h e  c t : r v e s  
f o r  t e m p e r a t u r e  ( f i r l u r e e  3 a n d  4 )  c o n f i r - 1  t h a t  t h e r e  i s  a 
s t r o n q  p o s i t i v ~  r e l a t i o n s h i p  b e t w e e n  w i n d o w  o o e n i n ;  a n d  
e x t e r n a l  a i r  t e m p e r a t u r e .  R e l a t i v e  h u m i d i t y  r a r e l y  f e l l  
b e l o w  60%. T h u s ,  t h e  l e f t - h a n d  e x t r e m i t i e s  o f  f i y u r e s  
5 a n d  6 c a n n o t  b e  r e l i e d  u p o n .  t i o w e v e r ,  t h e  s u ~ : n e s t i o n  
o f  a n  u p t u r n  a t  t h e  r i q h t - h a n d  e x t r e m e s  a r e  s u p p o r t e d  b y  
e x a m i n a t i o n  o f  t h e  o r i q i n a l  s c a t t e r c l r a m s  ( n o t  r ~ i v e n ) .  
F o s t  o f  t h e  r e c o r d e d  w i n d s p e e d  v a l u e s  were b e t w e e n  3 a n d  
15  k n o t s .  I n s p e c t i o n  o f  t h e  c u r v e s  i n  f i a u r e  7 w i t h i n  
t h a t  r a n g e  s u g q e s t  a s l i c h t  n e c a t i v e  q r a d i e n t  f o r  C o w l e y  
d a t a  o n l y ,  a n d  n o  r e l a t i o n s h i p  f o r  t h e  Flezen d a t a .  T h e  
o r i q i n a l  s c a t t e r r b r a m s  ( n o t  g i v e n )  s h o w  a  w i d e  r a n n e  o f  
o p e n  w i n d o w  p e r c e n t a g e s  w i t h  a  t e n d e n c y  f o r  t h e  p o i r < t s  t o  
c o n v e r g e  a t  h i o h  w i n d s p e e d s .  T h e  c u r v e s  f o r  s u n s h i n e  
d u r a t i o n  a t  C o w l e y  ( n o t  a i v e n )  s u o g e s t  a s l i g h t  i n c r e a s e  
i n  w i n d o w  o y e n i n c  w i t h  s u n s h i n e  d u r a t i o n ,  t h o u g h  n o  s u c h  
i n c r e a s e  i s  a p p a r e n t  a t  f l e z e n .  I n s p e c t i o n  o f  t h e  p o l y -  
n o m i a l  c u r v e s  f o r  r a i n f a l l  ( n o t  g i v e n )  s u p p o r t  t h e  h y p -  
o t h e s i s  t h a t  t h e r e  i s  n o  a p p a r e n t  r e l a t i o n s h i p  S e t w e e n  
r a i n f a l l  a n d  window o p e n i n g .  

F e s e d  o n  t h e  a n a l y s i s  d i s c u s s i o n  o f  t h e  p r e v i o u s  s e - t i o n  
(2.'2), a  m o d e l  o f  w i n d o w  o p e n i n g  i s  p r o p o s e d .  I t  i s  
h y p o t h e s i s e d  t h a t  w i n d o w  o ~ ~ e n i n q  i s  p r i m a r i l y  a  f u n c t f o n  
o f  e x t e r n ~ l  a i r  t e m p e r a t u r e  2 n d  t h a t  r e l a t i v e  humidity ~ r - , d  
w i n d s ~ e e d  a r e  i n f l u e n t i a l  o n l y  a t  h i q h  v a l ~ ~ e s .  4 1 ~ 0 ,  t h n t  
f o r  a n y  i n d i v i d u a l  h o u s e h o l d  t h e  t e m p e r a t ! ~ r e s  o c c u r i n g  a t  
t h e  times when w i n d o w s  a r e  o ? e n e d  a r e  a p p r o x i m a t e l y  n o r a -  
a l l y  d i s t r i b u t e d  w i t h  t h e  Tame s t a n d a r d  d e v i e t i o n s  f o r  a l l  
h o u s e h o l d s  b u t  w i t h  m e c n s  v a r y i n 9  f r o m  o n e  h o u s e h o l d  t o  
a n o t h e r  ( f i n u r e  9 ) .  T h c  m o d e l  p r e d i c t s  t h a t  t h e  p e r c e n -  
t a q e  o f  o p e n  w i n d o w s  a t  c i v e n  t e m p e r a t u r e s  f o l l o w s  t h e  
c u m u l a t i v e  n o r n e l  d i s t r i : ~ u t i o n .  I t  i s  a f e i - t u r e  o f  t h e  
m o d e l  t h a t  a t  e x t r e m e l y  l o w  t e m p e r a t u r e c  a l l  houce tTc! f i s  
w i l l  h a v e  n o  w i n d o w s  o D e n ,  a n d  s i m i l a r l y  t h a t  a t  e x t r e m -  
c l y  h i q h  t e m p e r a l u r e s  a l l  h o u s e h o l d s  w i l l  h z v e  a l l  w i n d o w s  
o p e n .  

Window ~ L s c r v a t i o n s  were r e s t r i c t e d  t o  a s i x  m o n t h  
w i n t e r  p e r i o d ,  Cn t h e  o n e  h a n d  the w i n t e r  i t s c l f  w a s  r r l l d  
a n d  locr a i r  t e m p e r a t u r e s  w e r e  r a r l y  r e a c h e d ,  w i t h  t l ie r p s u l t  
t h a t  s o m e  h o u s e h o l d s  h p d  a f e w  w i n d o w s  o p e n  on  a l m o s t  
e v e r y  o b s e r v a t i o n  d a y ,  On t h e  o ' t h e r  h a n d  t h e  o m i s  i c - n  o f  
sumrner o i ~ s e r v a t . i o n s  m s a n t  t h a t  f e w  h i q h  t s r a 7 e r z t i 1 r e s  w e r e  
i n c l u d e d  i n  t h e  d a t a  a n d  w i n d o w  o p e n i n g  s ~ t u r a t i o n  u a s  
n e v e r  r e ~ c b e d .  I t  i s  s u q g e s t e d  t h a t  t i ?e  o t ~ r e r ~ . l a t i o r :  
p o r i o d  c o v e r s  o n l y  t h e  c e n t r a l  p o r t i o n ?  o f  t h e  c u r v e s  a s  
i n d i c a t e d  i n  f i r u r e  10 ,  



F i ~ u r e  11 s h o w s  a  f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  a v e r a G e  
p e r c e n t a g e  o f  o; ,en w i n d o w . o b s e r v a t i n n s  ( o v e r  t h e  1 0 0  d e y s )  
i n  e a c h  h o u s e h o l d  ( N = 113). T h e  i j i s t r i b u t l o n  is s k e u e d  
z n d  c o v e r s  a l m o s t  t h e  e n t i r e  p e r c e n t a ~ e  r a n g e .  I n  o r d e r  
t o  t e s t  t h e  ~ r o p o s e d  m o d e l  h o u s e h o l d s  were d i v i d e d  i n t o  
t h r e e  g r o u p s :  

a )  a " low" q r o u p  who t e n d  t o  o p e n  a  small  p r o p o r t i o n  o f  
t h e i r  w i n d o w s  

b )  a  ' lmediuml'  n r o u p  o f  h o u s e h n l d e r s  who o n  a v c r a T e  o p e n  
a  m o d e r a t e  p r o p o r t i o n  o f  t h e i r  w i n d o w s ,  a n d  

c )  a  " h i 9 h f l  q r o u p  who t e n d  t o  o p e n  m a s t  o f  t h e i r  w i ~ d o w s .  
T h e s e  t h r e e  q r o u p s  t o c e t h e r  c o m p r i s e  t ' a l l l '  h o u s e h o l d s  
( N = 78 a n d  N = 3 5  f o r  C o w l e y  a n d  Mezen r e s p e c t i v e l y ) .  

A s  p r e v i o u s l y  m e n t i o n e d  t h e  1 1 3  h o u s e h o l d s  f a l l  i n t o  
e i g h t  h o u s e  t y p e s .  T h e  t o t a l  n u m b e r  o f  w i n d o w s  o p e n e d  
( o v e r  t h e  1 0 0  d a y s )  by  h o u s e h o l d e r s  w i t h i n  a  p a r t i c u l a r  
h o u s e  t y p e ,  were l i s t e d  i n  d e s c e n d i n g  o r d e r  a n d  d i v i d e d  
a c c o r d i n q l y  i n t o  t h r e e  g r o u p s ,  i .e  t h e  t o p ,  m i d d l e  a n d  
b o t t o m  t h i r d .  T h e  h i g h  window o p e n e r s  f r o m  e a c h  h o u s e  t y p e  
were t h e n  c o l l e c t i v e l y  r e f e r r e d  t o  a s  t h e  " h i g h "  g r o u p ,  
a n d  s i m i l a r l y  f o r  t h e  "medium" a n d  " l o w "  g r o u p s .  T h u s ,  
e a c h  h o u s e  t y p e  w a s  r e p r e s e n t e d  a s  e q u a l l y  a s  p o s s i b l e  i n  
t h e  t h r e e  g r o u p s ,  

T h e  c u r v e s  g e n e r a t e d  b y  t h i r d  o r d e r  p o l y n o m i a l  f i t s  
( f i g u r e s  1 2  - 3 5 )  p r o v i d e  a  t e s t  o f  t h e  m o d e l ,  

F i g u r e s  I ?  - 19 p r o v i d e  t e n t a t i v e  c o n f i r m a t i o n  o f  t h e  
m o d e l  o u t l i n e d  i n  f i p u r e s  9 a n d  1 0 .  A t  t n e  l o w e r  t e m p -  
e r a t u r e s  t h e  c u r v e s  f o r  t h e  l o w  g r o u p s  h a v e  t h e  s m a l l e s t  
g r a d i e n t s ,  t h o s e  f o r  t h e  medium g r o u p s  h a v e  a  s m a l l  p o s -  
i t i v e  g r a d i e n t ,  w h i l s t  t h o s e  f o r  t h e  h i g h  g r o u p s  h a v e  a 
l a r n e r  p o s i t i v e  g r a d i e n t .  T h i s  i s  a s  p r e d i c t e d  f r o m  t h e  
t h e o r e t i c a l  c u r v e s  i n  f i g u r e  9. I n d e e d  f i q u r e  1 2  s u g g e s t s  
t h a t  a t  t h e  l o w e s t  o b s e r v e d  t e m p e r a t u r e s  t h e  h i g h  g r o u p  
w i l l  a l r e a d y  h a v e  a  p r o p o r t i o n  o f  w i n d o w s  o p e n ,  f o l l o w e d  
r e s p e c t i v e l y  by  t h e  medium a n d  l o w  g r o u p s .  T h i s  f e a t u r e  
i s  c o n f i r m e d  by f i g u r e s  15 z n d  1 9 ,  A l l  e i g h t  d i a g r a m s  
p r o v i d e  e v i d e n c e  o f  a  s t r o n g  p o s i t i v e  a s s o c i a t i o n  b e t w e e n  
w i n d o w  o p e n i n g  a n d  e x t e r n a l  a i r  t e m p e r a t u r e .  T h e r e  i s  
o n e  s l i p h t  e x c e p t i o n  h o w e v e r  - t h e  d o w n t u r n  o f  c u r v e s  i n  
f i g u r e  1 7 .  T h e s e  a r e  d u e  t o  o n l y  t w o  d a t a  p o i n t s  d r a w n  
f o r  d a y s  1  a n d  99.  T h e  n e g a t i v e  p o r t i o n s  o f  t h e  c u r v e  
a r e  t h e r e f o r e  u n r e l i a b l e ,  

F i q u r e s  2 0  - 27 s h o w  t h e  r e l a t i o n s h i p  b e t w e e n  window 
o ~ e n i n g a n d  r e l a t i v e  h u m i d i t y  i n  d i f f e r e n t  room t y p e s  f o r  
t h e  h i g h ,  medium a n d  l o w  q r o u p s ,  T h e  o o l y n o m i a l  c u r v e s  
f o r  t h e  t h r e e  g r o u p s  a r e  a p p r o x i m a t e l y  p a r a l l e l .  T h e  
t h r e e  c r o u p s  a r e  c o m p o s e d  o f  d i f f e r e n t  i n d i v i d u a l  h o u s e -  
h o l d e r s  a n d  i t  i s  t h e r e f o r e  u n l i k e l y  t h a t  i m p o r t a n t  
f a c t o r s  o t h e r  t h a n  w e a t h e r  p a r a m e t e r s  o r  f a c t o r s  c o r r e l -  
a t i n o  w i t h  w e a t h e r  p a r a m e t e r s ,  o r o d u c e  s i m i l a r  w i n d o w  
o . $ e n i n n  p a t t e r n s ,  T h u s  t h e  f o r m  o f  t h e  t h r e e  c u r v e s  i s  
t a k e n  a s  e v i d e n c e  f o r  t h e  r e l i a b i l i t y  o r - a  o a r t i c u l a r  
t r e n r i  i n  window o p e n i n ?  p a t t e r n s .  

5 - s h a p e d  r e l a t i o n s h i p s  b e t w e e n  window o p e n i n g  a n d  
r e l a t i v e  h u 1 , : i c i t y  a r e  s t r o n r 7 l y  p r e s e i i t  a t  L o w l e y ,  a n d  t o  a  



l e s s e r  d e g r e e  i n  t n e  t h r e e  [ , e z e n  g r o u p s .  T h e  a o r e e m e n t  
i n  terms o f  c u r v a  s h a p e  b e t w e e n  t h e  r o o m  t y p e s  f a r  cacb 
e s t a t e  c o u l d  b e  e x p l a i n e d  b y  o t h e r  f a c f o r s  - s u c l i  a s  
h o u s e h o l d e r s  a d o -  t i n n  o e n e r e l  w i n d o k ~  o o e n i n q  p a t '  ern: ,  
w i t h  t h e  d e c i s i o n  t a  o p e n  o n c  w i r d n v  i n c r e a s i n ( 3  ttie l i k p -  
l i h o o d  o f  f u r t h e r  v ~ i n d o w  openin: .  " o w e v e r ,  i t  i s  d i f f i r s l t  
t o  e x p l a i n  t h e  s i r n j 1 a r i t ; ; f  s h g w n  by  f o u r  o t ~ t  o f  t h e  s i u  
o r a y h s  f o r  s e p E r a t e  n r o u n c  e x c e p t  iz terms o f  corn- ,on  
i n f l u e n c e s ,  n a r n s l y  p e r c e i v e d  c h c n q r s  i n  t h e  W T - t h e r .  : D  

e x p l a n a t i o n  c a n  b e  p r o v i d e d  f o r  t : e  i n i t i a l  maximum p o i n t  
i n  t h e s e  f o u r  s e t s  o f  c u r v e s ,  s l t h o ~ r r h  i t  m u s t  br! note:;  
t h a t  t h i s  m 2 x i r ~ r ~ r n  o c c u r s  b e t w e e n  4 3  - 6f l . '  r ~ l a t i v s  h1,mid- 
i t y ,  a n d  r e l i e s  o n  a  s m a l l  n u m b e r  o f  p o i n t s  ( II! a n d  9 
p o i n t s  r e s p e c t i v e l y  f o r  C o w l e y  z n d  1 '1e7en) .  ; e v e r t h e l e s s ,  
t h e  r i g h t - h a n d  e x t r e m e s  o f  t h e s e  c u r v e s  a r e  b a e c c  o n  
s u b s t a n t i ~ l  n u m b e r ?  o f  d a t a  p o i n t s ,  T h e  1 1 n f . 1 ~ r i .  b e t w e e n  
8 0  - 1 0 0 %  r e l a t i v e  h u m i d i t y  may b e  a t t r i b u l a b l ~  t o  t h e  
e m e r g e n c e  o f  a n  a w a r e n e s s  o f  r e l a t i v e  h u m i d i t y  i n  t h i s  
r a n g e ,  p o s s i b l y  a s s o c i a t e c ~  i n  sgme c ~ s e s  w i t h  r a i n .  T h e  
c o n v e r g e n c e  o f  d a t a  p o i n t s  o n  t h e  o o l y n o m i a l  c u r v e  o f  t h e  
o r i q i n a l  s c a t t e r q r a r n s  ( n o t  s h o w r )  s u p c o r t s  t h i s  s u 2 q e s t -  
i o n  o f  a n  i n c r e a s i n g  s e n s i t i v i t y  t o  r e l a t i v e  h u m i d i t y  w i t h  
i n c r e a s e s  i n  r e l a t i v e  h u m i d i t y .  T h e  p o r t i o n s  o f  t h e s e  
c u r v e s  w i t h  a n e r j a t i v e  s l o p e  may r e f l e c t  t h e  a s s o c i e t i o n  
o f  r e l a t i v e  h u m i d i t y  w i t h  ter p e r a t u r e ,  

F i ~ u r c s  2 8  - 35 f o r  w i n d s p e e d  s h o w  a pea l<  f o l l o w e d  b y  a  
d e c l i n e  i n  f o u r  o u t  o f  s i x  c a s e s  f o r  t t , e  s e p s r e t e  r o o m s .  
I n  a l l  cases  t h e  c u r v e s  i n c l u d e  a s u b s t a n t i a l  p o r t i o n  o f  
n e q a t i v e  g r a d i e n t  a s  w i n L s p e e d  i n c r e a s e s .  T h e  o n e  e x c e p -  
t i o n  i s  f o r  t h e  C o w l e y  h i g h  g r o u p  w h e r e  t h e  u p t u r n  i s  
b a s e d  o n  o n e  d a t a  p o i n t .  lio e x p l a n a t i o n  c a n  b e  o f f e r e d  
f o r  t h e  e x i s t e n c e  o f  t h e  maximum p o i n t s .  h o w e v e r ,  t k , e  
n e g a t i v e  r - r a d i e n t  i s  c o n s i s t e n t  w i t h  t h ~  h y p o t h e s i s  t h e t  
p e o p l e  c l o s e  w i n d o w s  when  w i n d s p e e d s  a r e  s u f f i c i e n t  t o  
c a u s e  d r a u g h t s  o r  d a m a g e .  I n  t h i s  c o n n e c t i o n  E t e n d e n c y  
f c r  t h e  d a t a  p o i n t s  t o  c o n v e r z e  u p o n  t h e  p o l y r i o r - i a l  c u r v e  
o f  t h e  o r i o i n a , l  s c a t t e r g r a m s  ( r i o t  s h o w n )  s u q ~ e s t s  t h a t  
t h e  r e l a t i v e  i m p o r t a n c e  o f  w i n d s p e e d  i n c r e a s ~ s  w i t h  
u i n d s p e e d  i t s e l f ,  

When c o n s i d e r i n g  s u n F h i n e  d u r a t i o n  a n d  r a i n f a l l ,  t h e  
d i \ / i s i a n  o f  h o u s e h o l d e r s  i n t o  t h r e e  g r o u p s ,  r e v e a i s  n o  
common p a t t e r n  a n d  a d d s  n o t h i n g  t o  t h e  e a r l i e r  d i s c u s s i o n .  



TABLE f Mean percentage of open window observations a t  

Cowley and Mezen 

TABLE 2 

i n  spec i f i ed  room types and weather parameter values a t  

t h e  hour of observation 





FIGURE 2 Rela t ionship  between number of openable windows and t h e  

number of t o t a l  open window observa t ions  
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FIGURE 9 Illustrative normal distribution curves for two households 
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FIGURE 10 Hypothesised cumulative distribution curves for 
sample extremes 
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FIGURE 11 Frequency d i s t r i b u t i o n  o f  t h e  average percentage o f  

t o t a l  open window observa t ions  i n  113 households. 
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FIGURES 16 and 17 

Relationship between temperature and s i t t ingroom window 
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FIGURES 20 a n d  21 

Relat ionship hetween r e l a t i v e  humidity and s i t t i ng room 
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FIGURES 24 and 25 
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FIGURES 30 and 31 
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FIGURES 32 and 33 
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FIGURES 34 and 35 

Relationship between windspeed and main bedroom window 

opening i n  t h r e e  groups a t  Mezen 

I mezen bed1 

-. - 
rt- 

Relationship between windspeed and t o t a l  window opening i n  
t h r e e  groups at Mezen 

MEZEN TOTAL 


