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 � � � �! " �� #$�	 � " � � ! %&� ��! "

� � ' �! &� �� � � �! ' �! ( � � � � � � �! " � ��� �� ) � **�+ � �) � , �� �&%, ��- � ) �� �� �
� " &) � � � � �! " #�� - �� ��� �&� &� **, �" ! � �� ! � � �( *� ��- ! &. - #

� � / #�� #$� 
 ! ) � ��" � � � � �. � �! � � �- � � � �� � ! � ! � � %��- � � �� ! " � &) � � �! " �
! ' �� �� � ) �" ��
 �� � � � � " � � �� � " � � �#�� ! �� � � � ��- �� ��- � ! � , 0�� �%�� � � � , �
1&� � � �! " " � �� � �� ! �� ! **� � � �%� �� �! " �� �� � ) �" 	 
 �� ! " � &) � � �! " �� ) ! " . �
� � � �- ! � � �� � *�2� %�� � " � � � �� � � � � �� " %�� � � �� ! " � � ! *� �) �. - � �( � �&� � %#�
� - � �� ! " � � ! *� �+ ! &*%�( � �) � � � - � %�! " �� . � �� " %�� � / �� ! ��- � �� � " � � � �
� � � � � �� " %�+ ! &*%�( � ��" ��- � �- ! � � �� � *�� � ��- � �� � ) � �� �) � �' ! � �� " �
&" � � *� � � %�%�� � � � � #�3 - � � �� - ! &*%�( � �%! " � �+ ��- ��- � � � �%� �� �� ' � � � �
�- � , �� � � �� ! **� � � � %4
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hi st �" ��

op <- par ( mf r ow=c( 2,  2) )  

hi st ( i sl ands)  

ut i l s: : st r ( hi st ( i s l ands,  
col =" gr ay" ,  l abel s = 
TRUE) )

hi st ( sqr t ( i s l ands) ,  br
= 12,  col =" l i ght bl ue" ,  
bor der =" pi nk" )  

##- - For  non- equi di st ant  
br eaks,  count s shoul d 
NOT be gr aphed unscal ed:

r  <-
hi st ( sqr t ( i s l ands) ,  br = 
c( 4* 0: 5,  10* 3: 5,  70,  
100,  140) ,  col =' bl ue1' )  

t ext ( r $mi ds,  r $densi t y,  
r $count s,  adj =c( . 5,  -
. 5) ,  col =' bl ue3' )  

sappl y( r [ 2: 3] ,  sum)  
sum( r $densi t y *  
di f f ( r $br eaks) )  # == 1 
l i nes( r ,  l t y = 3,  bor der  
= " pur pl e" )  # - > 

l i nes. hi st ogr am( * )  
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� � / #�� #� � 6 � %�� � *�� � � � � � � - � � � �- � � � �! ' � � " �� &� � � � � � %��- � � �� � � � �� � �
� ) ! 5� � � 	 � � ! � *� �+ - ! ��- � ) � � *� � � �%! �" ! � �� ) ! 5� �( &��+ - ! �*�� � �! � �
+ ! �5��" �� " �� " � �� ! " ) � " � �+ - � � � �! �- � � �+ - � � � �! �- � � � �� ) ! 5� 	 ) �. - � �
- � � � ��) � � �� � %�� &*) ! " � � , �'&" � � �! " �� � �� �� � � &*�#�� " �$7� � �� �
� � � � � � � - �. � ! &� ��" �
 � " �� �� . ! �� &( *�� - � %�� � � &*�� ���" %�� � � �" . ��- � � �
� � � � �� � �� ) ! 5� � � �%�%��" %� � %�- � � � �� �. " �' �� � " �*, �*! + � � �� &*) ! " � � , �
'&" � � �! " ��- � " �� ! ) � � � � ( *� �" ! " � ) ! 5� � � �+ - ! �%�%�" ! � �+ ! �5��" �
� ) ! 5, �� " � �� ! " ) � " � � #�
 � �� &� � ! � � �" . �� � �%� " � � 0��- � ��� &�- ! � � �
) � � � &� � %��- � �� � � ( ! " 	 ) ! " ! / �%� �8� � 9�� ! " � � " � � � � �! " � ��" ��- � �
+ ! �5�" . ��� " � �� ! " ) � " � �! ' �� � � � �� � �� ) ! 5� � � �� " %�! ' �" ! " � ) ! 5� � � �
8+ - � � � �" ! �� ) ! 5�" . �+ � � �� � � ) �� � � %��" ��- � �+ ! �5� *� � � 9�� ! �� � � ��' �
�- � �� � *� � �� � �� � �� ! " � � " � � � � �! " �� - � " . � %�! � � � ��- � �� ! &� � � �! ' ��- � �
%� , #
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 ) ! 5� � � �� � � � �3 ��- �� ! " ' �%� " � � �
� ! &" %�

���+ ! &*%�( � �� " �
�" � � � � � � �" . �� � %� . ! . �� � *�
� / � � � �� � ��! �� � , �� ! �+ � �� � �
� " �� �'&" � � �! " �� ! �� � ! %&� � �
� �� *! ��*�5� ��- �� #�� - � �
�" � &�� �+ ! &*%�( � �� �� � ��! ' �
/ �, �� � *&� � #
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� 
 � � � � � *�� � 
 �� " %�; �� &� *�2� � �! " �� ! &� � � � �� � �: 6 <
� 
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 � � � �! " �� #� � 6 � � � &� � ) � " � � �! ' �
� ! � � � �! "

� � - � �� � " � � � *�� � ! ( *� ) �! ' �
 � � � �� � �� � � � ! " � �%� � �� �� � ) � *� �! ' �%� �� �
/ $0�/ � 0�A 0�/ " %�� + " �' � ! ) �� �� ! � &*� � �! " �� + - � � ��" ' � � � " � � � �! � �
� ! " � *&� �! " � �� ( ! &��� � � " �( � �. *� � " � %�' � ! ) ��- � �� � ) � *� 4

� 
 � � � �! " �� #� #$� 
 � ��- ) � � �� �6 � � "
� 
 &) ) � � �! " �� ! � � � �! "

� � � ' #�� #$� � - � �� � ��- ) � � �� �) � � " �������� �%� ' �" � %�� �
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 � � � �! " �� #� �� - � �
 � ��- ) � � �� �6 � � "

� � - � �) � � " ��" ��
� ) � � " 8/ 0�A 9
> x = mat r i x( r nor m( 100) ,  nr ow=50,  ncol =2)
> x[ 50, 1]  = 60
> x[ 50, 2]  = 880
> pl ot ( x[ , 1] , x[ , 2] )
> appl y( x, 2, mean)
[ 1]  1. 259362 1. 648327
> appl y( x, 2, mean, t r i m=0. 1)
[ 1]  0. 1475340 0. 1076194

� - � �' � � � � �! " �! ' �! ( � � � � � � �! " � �
� ! �( � �� � ) ! � � %�' � ! ) �� � � - �
� " %�! ' ��- � �%� �� � � �#
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 � � � �! " �� #� � � - � �6 � %�� "

� � � ' #�� #� � � - � �� � ) � *� �) � %�� " �� �
. �� � " �( ,

1
(1) The th largest observation if  is odd

2

(2) The average of the th and 1 th largest observation if  is even.
2 2

n
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 � � � �! " �� #� #$� � - � �6 � %�� " ��" ��

� ) � %�� " 8/ 0�" � #� ) B�� 
 � 
 � 9

� � / #�� #=
t bl 2. 2  = c( 7,  35,  5,  9,  8,  3,  10,  12,  8)
> medi an( t bl 2. 2)
[ 1]  8

What does this do?
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 � � � �! " �� #� � � ! ) � � � �� ! " �! ' ��- � �

 � ��- ) � � �� �6 � � " �� " %��- � �6 � %�� " �
8
 , ) ) � � � �� �� �� � � �( &��! " 9

> symmdat a = r nor m( 100)

> hi st ( symmdat a, ncl ass=10)

> poi nt s( mean( symmdat a) ,  
0,  pch = ' o' )

> poi nt s( medi an( symmdat a) ,  
0,  pch = ' * ' )
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 � � � �! " �� #� � � ! ) � � � �� ! " �! ' ��- � �

 � ��- ) � � �� �6 � � " �� " %��- � �6 � %�� " �
8
 � , ) ) � � � �� �� �� � � �( &��! " �� �. - � �� � �*� %9

> expdat a = r exp( 100)

> hi st ( expdat a,  ncl ass = 
15)

> poi nt s( mean( expdat a) ,  0,  
pch = ' o' )

> poi nt s( medi an( expdat a) ,  
0,  pch = ' * ' )
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 � � � �! " �� #� � � ! ) � � � �� ! " �! ' ��- � �

 � ��- ) � � �� �6 � � " �� " %��- � �6 � %�� " �
8
 � , ) ) � � � �� �� �� � � �( &��! " �� � ' � �� � �*� %9

> negexpdat a = - r exp( 1000)

> hi st ( negexpdat a,  ncl ass
= 20)

> poi nt s( mean( negexpdat a) ,  
0,  pch = ' o' )

> 
poi nt s( medi an( negexpdat a
) ,  0,  pch = ' * ' )
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 � ��- ) � � �� �6 � � " �� " %��- � �6 � %�� " �8
 **�
� - � � � �� �� � � �( &��! " � 9
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 � � � �! " �� #� � 6 � � � &� � � �! ' �� ! � � � �! " �8� - � �
6 ! %� 9

� � � ' #�� #>� � - � �) ! %� �� ��- � �) ! � � �' � � 1&� " �*, �! � � &� � �" . �� � *&� �
� ) ! " . �� **��- � �! ( � � � � � � �! " � ��" �� �� � ) � *� #

� � � " ��- � � � �( � �) ! � � ��- � " �! " � �) ! %� 4

� � ! � � ��- � � � �- � � � �� ! �( � �� �) ! %� 4
� � ! � � �� �) ! %� �- � � � �� ! �( � �� �%� � � �� � *&� 4

� 3 - � � �%! �, ! &��- �" 5�� �&" �) ! %� * %�� � � �( &��! " ��� 4

� � ! + �� ( ! &��� �) &*��) ! %� *�%�� � � �( &��! " 4

� 3 � �� �" . �� �'&" � � �! " �' ! � ��- � �) ! %� ��" �� �+ ! &*%�( � �� " ��" � � � � � � �" . �
� � %� . ! . �� � *�� / � � � �� � #
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: � ! ) � � � �� �6 � � " 9

1

Def. 2.4 - The geometric mean is the antilogarithm

 of log , where

1
log log

n

i
i

x

x x
n =

= �

� � - � � � ��� �� &� � � " �*, �" ! �. � ! ) � � � �� �) � � " ��" �� #�
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� #>� 
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Eq. 2.1 - If , 1, ,

then 
i iy x c i n

y x c

= + =

= +

�

> x = r nor m( 1000)
> mean( x)
[ 1]  0. 02741812
> mean( x+5)
[ 1]  5. 027418
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6 � � " �8� ' ' � � � �! ' �
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Eq. 2.2 - If ,  1, ,

then .
i iy cx i n

y cx

= =

=

�

> x = rnorm(1000)
> mean(x)
[1] 0.02741812
> mean(2*x)
[1] 0.05483624
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� #>� 
 ! ) � �� � ! � � � � �� � �! ' ��- � �
 � ��- ) � � �� �
6 � � " �8� ' ' � � � �! ' �� � � " � *� � �! " �� " %�
 � � *�" . 9

1 n

1 2

1

Eq. 2.3 - Let , ,x  be the original sample of data and

let ,  1, ,  represent a transformed sample

obtained by multiplying each orinigal sample point by a factor 

and then shifting over by

i i

x

y c x c i n

c

= + =

�

�

2

1 2

 a constant  

then .

c

y c x c= +
> x = rnorm(1000)
> mean(x)
[1] 0.02741812
> mean(2*x+5)
[1] 5.054836
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� 
 � � ��- � , ��- � �� � ) � 4



� � � � � � � �	 � 
 � � � � 	 
 � � � 
 �	
� � 
 � � � � �� �� � � � � �� � �� � �
 � � � �� � �� �
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� � � ' #�� #@� � - � �� � " . � ��� ��- � �%�' ' � � � " � � �( � �+ � � " ��- � �*� � . � � � �� " %�
�- � �� ) � **� � � �! ( � � � � � � �! " ��" ��- � �� � ) � *� #

� � " �� �+ � �) � � � *, �+ � �� � �

r ange
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� #C� 6 � � � &� � � �! ' �
 � � � � %�8D&� " ��*� � 9

� � - � �� �- � � � � � " � �*� �; � �� ��- � �� � *&� �� &� - ��- � � �� E �! ' ��- � �%� �� �*�� � �
� ! ��- � �*� ' � �! ' ��- �� �� � *&� #�� ! � ) � **, �+ � �+ � �� � #

� � � ' #�� #=� � - � �� �- � � � � � " � �*� ��� �%� ' �" � %�( ,
� � - � �85F$9�- �*� � . � � � �� � ) � *� �� ! �" � ��' �" � ?$� � ��� �" ! � �� " ��" � � . � � �8+ - � � � �

5��� ��- � �*� � . � � � ��" � � . � � �*� � � ��- � " �" � ?$� � 9

� � - � �� � � � � . � �! ' ��- � �8" � ?$� � 9�- �� " %�8" � ?$� � �F �$9�- �*� � . � � � �
! ( � � � � � � �! " �� �' " � ?$� � ��� �� " ��" � � . � �#�

� � � � � � " � �*� � �� � � �� ! ) � � �) � � �%� � �. " � � � %�1&� " � �*� � #�
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 � � � �� � �� �

� #C� 6 � � � &� � � �! ' �
 � � � � %�81&� " ��*� � ��" �� 9

� 1&� " � �*� 8/ 0�� � ! ( � B�� � 18� 0�$0�� #� @90�" � #� ) B�� 
 � 
 � 0�" � ) � � �B�
� � <� 0��, � � �B�� 0�###9�

> bw = c( 3265,  3260,  3245,  3484,  4146,  3323,  
3649,  3200,  3031,  2069,  2581,  2841,  3609,  2838,  
3541,  2759,  3248,  3314,  3101,  2834)

> quant i l e( bw,  pr obs =c( . 1, . 9) ,  t ype = 2)
10%  90% 

2670 3629
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 � � � � %�8� - � �; � � �� " � � �
� " %�
 � � " %� �%�� � � �� � �! " 9

� � � , �*� �G� �� � , ��- ��

( )
1

n

i
i

x x
d

n
=

-
=

�

� � 1#�� #C� � - � �� &) �! ' ��- � �
%� � �� � �! " � �! ' ��- � ��" %�� �%&� *�
! ( � � � � � � �! " � �! ' �� �� � ) � *� �� ( ! &��
�- � �� � ) � *� �) � � " ��� �� *+ � , � �� �
8( &) ) � �9
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( )

( )

2

2 1

2

1

Def. 2.7 - The sample variance, or variance , is defined as follows:

1

Def. 2.8 - The sample standard deviation, or standard deviation,

is defined as follows:

1

N

i
I

n

i
i

x x
S

n

x x
s

n

=

=

-
=

-

-
=

-

�

�
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� #C� 6 � � � &� � � �! ' �
 � � � � %�8� - � �; � � �� " � � �
� " %�
 � � " %� �%�� � � �� � �! " 9��" ��

> x = r nor m( 100)
> var ( x)
[ 1]  1. 031008
> sd( x)
[ 1]  1. 015386
> sqr t ( var ( x) )
[ 1]  1. 015386
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1 1

2 2

2 2

Eq. 2.5 Suppose there are two samples

, ,  and y , ,

were , 1, ,

If the respective sample variances of the two samples are denoted by

 and 

then 

n n

i i

x y

y x

x x y

y x c i n

s s

s s

= + =

=

� �

�
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Eq. 2.6 Suppose there are two samples

, ,  and y , ,

were , 1, , , 0

If the respective sample variances of the two samples are denoted by

 and 

Then ; 

n n

i i

x y

y x y x

x x y

y cx i n c

s s

s c s s cs

= = >

= =

� �

�
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Def. 2.9 The coefficient of variation (CV) is defined by

100%*
s
x

� �
� �
� �

� 
 �" � � ��� ��� �� �&" ��*� � � � � � �! 0�, ! &�� � " �� ! ) � � � � ��- � �� ; �! ' �
� � � �� ( *� � �� / � � � � � � %��" �%�' ' � � � " � �&" �� � #

� � � �! " *, �) � 5� � �� � " � � �� ! �� � � ! � � �� ; �' ! � �� � � �� ( *� � �+ - � � � �2� � ! �
� � � **, �) � � " � �2� � ! 0�� &� - �� � �) � � � �! � �� " 2, ) � �� � � �� �� , #�

� � ! " H��� � *� &*� � � �� ; �' ! � �� � � �� ( *� � 0�� &� - �� � �� � ) � � � � �&� � 0�+ - � � � �
�- � �%� ' �" �� �! " �! ' �2� � ! ��� �� ! ) � + - � � �� � ( �� � � � , #�

http://www.graphpad.com/articles/interpret/Analyzing_one_group/descr_stats.htm
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�) � *� ) � " � �! " � #
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� #� �: � ! &� � %�� � � �
� 
 ! ) � �� �) � � �+ � �- � � � �� ! ! �) � " , �! ( � � � � � � �! " � �� ! �� / � ) �" � �� **�! ' ��- � ) �

�" %�� �%&� **, #

� � � #�� #$� � 
 �� � � %� � � � ! 
� �� � � �� � � �� � �� �� " �! �%� � � %�%�� � *� , �! ' �� � � - �
� � *&� ��" �� �%� �� �� � � �� ! . � �- � � �+ ��- ��� � �� � � %� � � � ! I��- � � ��� 0��- � �" &) ( � � �! ' �
� �) � � ��- � � �� � *&� �! � � &� � ��" ��- � �%� �� �� � �#�� " �� %%���! " 0��- � �� � � � � " � � . � �! ' �
� � ) � *� �� ! �" � � ��- � � �� � 5� �! " �� �� � � � �� &*� � �� � *&� ��� �� *� ! �� , � �� � **, �. �� � " #

� � " �� �+ � �- � � �
xx = c( 1, 1, 1, 1, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 4)
> t abl e( xx)
xx
1 2 3 4 
5 2 3 5 
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 � � � �� � �� �

� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 �
hi st ( x,  . . . )

## Def aul t  S3 met hod:
hi st ( x,  br eaks = " St ur ges" ,  f r eq = NULL,  

pr obabi l i t y = ! f r eq,
i ncl ude. l owest = TRUE,  r i ght  = TRUE,
densi t y = NULL,  angl e = 45,  col = NULL,  

bor der  = NULL,
mai n = past e( " Hi st ogr am of "  ,  xname) ,
xl i m = r ange( br eaks) ,  yl i m = NULL,
xl ab = xname,  yl ab,
axes = TRUE,  pl ot  = TRUE,  l abel s = FALSE,
ncl ass = NULL,  . . . )
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 � � � �� � �� �

� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 � �
Ar gument s:

x:  a vect or  of  val ues f or  whi ch t he hi st ogr am i s desi r ed.

br eaks:  one of :

*   a vect or  gi vi ng t he br eakpoi nt s bet ween hi st ogr am
cel l s,

*   a s i ngl e number  gi vi ng t he number  of  cel l s f or  t he
hi st ogr am,

*   a char act er  st r i ng nami ng an al gor i t hm t o comput e t he
number  of  cel l s ( see Det ai l s) ,

*   a f unct i on t o comput e t he number  of  cel l s.

I n t he l ast  t hr ee cases t he number  i s a suggest i on onl y.  
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 � � �
f r eq:  l ogi cal ;  i f  ' TRUE' ,  t he hi st ogr am gr aphi c i s a r epr esent at i on

of  f r equenci es,  t he ' count s '  component  of  t he r esul t ;  i f
' FALSE' ,  pr obabi l i t y densi t i es,  component  ' densi t y ' ,  ar e
pl ot t ed ( so t hat  t he hi st ogr am has a t ot al  ar ea of  one) .  
Def aul t s t o ' TRUE'  _i f f _ ' br eaks'  ar e equi di st ant  ( and
' pr obabi l i t y '  i s  not  speci f i ed) .

pr obabi l i t y:  an _al i as_ f or  ' ! f r eq' ,  f or  S compat i bi l i t y.

i ncl ude. l owest :  l ogi cal ;  i f  ' TRUE' ,  an ' x[ i ] '  equal  t o t he ' br eaks'
val ue wi l l  be i ncl uded i n t he f i r st  ( or  l ast ,  f or  ' r i ght  =
FALSE' )  bar .   Thi s wi l l  be i gnor ed ( wi t h a war ni ng)  unl ess
' br eaks'  i s a vect or .

r i ght :  l ogi cal ;  i f  ' TRUE' ,  t he hi st ogr ams cel l s ar e r i ght - c l osed
( l ef t  open)  i nt er val s.
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 � ;

%� " � �� , J��- � �%� " � �� , �! ' �� - � %�" . �*�" � � 0��" �*�" � � �� � � ��" � - #�� - � �%� ' � &*�
� � *&� �! ' �H� <� � H�) � � " � ��- � � �" ! �� - � %�" . �*�" � � �� � � �%� � + " #
� ! " 	 � ! � �� �� � �� � *&� � �! ' �H%� " � �� , H�� *� ! ��" - �( �� ��- � �%� � + �" . �! '
� - � %�" . �*�" � � #

� " . *� J��- � �� *! � � �! ' �� - � %�" . �*�" � � 0�. �� � " �� � �� " �� " . *� ��" �%� . � � � �
8� ! &" �� � 	 � *! � 5+ �� � 9#

� ! *J�� �� ! *! &� �! �( � �&� � %��! �' �**��- � �( � � � #�� - � �%� ' � &*��! ' �H� <� � H
, �� *%� �&" ' �**� %�( � � � #
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 ;
bor der :  t he col or  of  t he bor der  ar ound t he bar s.   The def aul t  

i s  t o
use t he s t andar d f or egr ound col or .

mai n,  x l ab,  y l ab:  t hese ar gument s t o ' t i t l e'  have usef ul  
def aul t s her e.

x l i m,  y l i m:  t he r ange of  x and y val ues wi t h sensi bl e 
def aul t s.  Not e

t hat  ' x l i m'  i s  _not _ used t o def i ne t he hi st ogr am 
( br eaks) ,

but  onl y f or  pl ot t i ng ( when ' pl ot  = TRUE' ) .

axes:  l ogi cal .   I f  ' TRUE'  ( def aul t ) ,  axes ar e dr aw i f  t he 
pl ot  i s

dr awn.
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 ; �
pl ot :  l ogi cal .   I f  ' TRUE'  ( def aul t ) ,  a hi st ogr am i s pl ot t ed,

ot her wi se a l i s t  of  br eaks and count s i s  r et ur ned.

l abel s:  l ogi cal  or  char act er .   Addi t i onal l y  dr aw l abel s on 
t op of

bar s,  i f  not  ' FALSE' ;  see ' pl ot . hi st ogr am' .

ncl ass:  numer i c ( i nt eger ) .   For  S( - PLUS)  compat i bi l i t y  onl y,  
' nc l ass '

i s  equi val ent  t o ' br eaks'  f or  a scal ar  or  char act er  
ar gument .

. . . :  f ur t her  gr aphi cal  par amet er s passed t o 
' pl ot . hi st ogr am'  and

t hei r  t o ' t i t l e'  and ' axi s '  ( i f  ' pl ot =TRUE' ) .
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 ; � �
The def i ni t i on of  " hi st ogr am"  di f f er s by sour ce ( wi t h

count r y- speci f i c bi ases) .   R' s def aul t  wi t h equi - spaced br eaks
( al so t he def aul t )  i s t o pl ot  t he count s i n t he cel l s def i ned by
' br eaks' .   Thus t he hei ght  of  a r ect angl e i s pr opor t i onal  t o t he
number  of  poi nt s f al l i ng i nt o t he cel l ,  as i s t he ar ea _pr ovi ded_
t he br eaks ar e equal l y- spaced.

The def aul t  wi t h non- equi - spaced br eaks i s t o gi ve a pl ot  of  ar ea
one,  i n whi ch t he _ar ea_ of  t he r ect angl es i s t he f r act i on of  t he
dat a poi nt s f al l i ng i n t he cel l s.

I f  ' r i ght  = TRUE'  ( def aul t ) ,  t he hi st ogr am cel l s ar e i nt er val s of
t he f or m ' ( a,  b] ' ,  i . e. ,  t hey i ncl ude t hei r  r i ght - hand endpoi nt ,
but  not  t hei r  l ef t  one,  wi t h t he except i on of  t he f i r st  cel l  when
' i ncl ude. l owest '  i s ' TRUE' .
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9�	 ; � � �
For  ' r i ght  = FALSE' ,  t he i nt er val s ar e of  t he f or m ' [ a,  b) ' ,  and

' i ncl ude. l owest '  r eal l y has t he meani ng of  " _i ncl ude hi ghest _" .

A numer i cal  t ol er ance of  1e- 7 t i mes t he medi an bi n s i ze i s appl i ed
when count i ng ent r i es on t he edges of  bi ns.

The def aul t  f or  ' br eaks'  i s ' " St ur ges" ' :  see ' ncl ass. St ur ges' .  
Ot her  names f or  whi ch al gor i t hms ar e suppl i ed ar e ' " Scot t " ' and
' " FD" '  /  ' " Fr i edman- Di aconi s" '  ( wi t h cor r espondi ng f unct i ons
' ncl ass. scot t '  and ' ncl ass. FD' ) .  Case i s i gnor ed and par t i al
mat chi ng i s used.  Al t er nat i vel y,  a f unct i on can be suppl i ed whi ch
wi l l  comput e t he i nt ended number  of  br eaks as a f unct i on of ' x ' .
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9� �K�8� � *&� � 9

an obj ect  of  c l ass ' " hi st ogr am" '  whi ch i s a l i s t  wi t h 
component s:  

br eaks:  t he n+1 cel l  boundar i es ( = ' br eaks'  i f  t hat  
was a vect or ) .

count s:  n i nt eger s;  f or  each cel l ,  t he number  of  
' x [ ] '  i nsi de.

densi t y:  val ues f ^ ( x[ i ] ) ,  as est i mat ed densi t y val ues.  
I f

' al l ( di f f ( br eaks)  == 1) ' ,  t hey ar e t he 
r el at i ve f r equenci es

' count s/ n'  and i n gener al  sat i sf y sum[ i ;  
f ^ ( x[ i ] )

( b[ i +1] - b[ i ] ) ]  = 1,  wher e b[ i ]  = ' br eaks[ i ] ' .
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9� K�8� � *&� � 9

i nt ensi t i es:  same as ' densi t y ' .  Depr ecat ed,  but  
r et ai ned f or

compat i bi l i t y.

mi ds:  t he n cel l  mi dpoi nt s.

xname:  a char act er  st r i ng wi t h t he act ual  ' x '  
ar gument  name.

equi di st :  l ogi cal ,  i ndi cat i ng i f  t he di st ances 
bet ween ' br eaks'  ar e al l

t he same.
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� #� �: � ! &� � %�� � � � ��" �� �8- �� �9

 " �� / � ) � *� �8�� ( *� �� #$� �� . #�� � 9

> bw = c( 58,  120,  …)
> bw. hi st = hi st ( bw,  br eaks = c( 29. 5,  69. 5,  89. 5,  99. 5,  109. 5,  

119. 5,  129. 5,  139. 5,  169. 5) ,  f r eq=TRUE, i ncl ude. l owest =TRUE)
> at t r i but es( bw. hi s t )
$names
[ 1]  " br eaks"       " count s"       " i nt ensi t i es"  " densi t y"      

" mi ds"         " xname"        " equi di s t "    

$cl ass
[ 1]  " hi st ogr am"

> bw. hi st $count s
[ 1]   5 10 11 19 17 20 12  6
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 � � � �� � �� �

� #� �: � � � - �� �6 � �- ! %�

� L! &� �� &�- ! �G� �%� ' �" �� �! " �! ' �� �( � � �. � � � - �� � � **, �) � � � - � � �� G� �
�) � *� ) � " �� � �! " �! ' �� �- �� � ! . � � ) �� �� ��- � �- �� � � ! ) ) � " %#

� 
 � � ) 	 � " %	*� � ' �� *! �
� � � � � '&**, �� � � %�, ! &� �� &�- ! �G� �� ! " � � �&� � �! " �. &�%� *�" � � �! " �� . #�� �

� 3 � �+ �**�� � *5�� ( ! &��� � � ) 	 � " %	*� � ' �� *! � � �! " ��- � �" � / � �� *�%�
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 � � � �� � �� �

� #� �: � � � - �� � �6 � �- ! %� �8� � � ) 	 � " %	*� � ' �� *! � �
�" �� 9
� 
 " �� / � ) � *� �8� � � �� �. #�� #=�! ' �, ! &� �� � / �9

> s t em( bw,  scal e = 2)

The deci mal  poi nt  i s  1 di gi t ( s)  t o t he r i ght  of  t he |

3 |  2
4 |  
5 |  8
6 |  478
7 |  
8 |  3556788999
9 |  12344568889

10 |  0123444445567888899
11 |  00122235555556889
12 |  01112222344445567788
13 |  222334557888
14 |  0146
15 |  5
16 |  1
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� #� �: � � � - �� � �6 � �- ! %� �8( ! / � *! �9

M�( ! / � *! �8( + 9
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� #7�� � � � �
 �&%, �$J�� ' ' � � � � �! ' �� � � %�
� / � ! � &� � �! " �� � &� ! *! . �� � *�� " %�
� � , � - ! *! . �� � *�� &" � � �! " ��" �� - �*%� � " �	 �

> l ead = r ead. csv( " C: / Document s and Set t i ngs/ Owner / My 
Document s/ Wor k/ Bet h/ gmu/ f al l 06/ bi nf 702/ sol t n_man/ Dat a set s/ ASCI I -
. t x t  comma/ l ead. t xt " , header =TRUE)

> di m( l ead)
[ 1]  124  38
> l ead[ 1, ]

I d Ar ea  Age Sex I qv_i nf I qv_comp I qv_ar I qv_ds I qv_r aw I qp_pc
I qp_bd I qp_oa I qp_cod I qp_r aw HH_i ndex I qv I qp I qf I q_t ype

1 101    3 1101   1       3        4      3      5      15     10      
8      8       5      31       77  61  85  70       1

Lead_t ype Ld72 Ld73 Fst 2yr s Tot yr s Pi ca Col i c Cl umsi I r r i t Convul
X2Pl at _r  X2Pl at _l  Vi sr ea_r Vi sr ea_l Audr ea_r Audr ea_l

1         1   25   18       2     11    2     2      2     2    2       
16       16 36       38       27       25

FWT_r FWT_l Hyper act
1    72    52       99
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� #7�� � � � �
 �&%, �$J�� ' ' � � � � �! ' �� � � %�
� / � ! � &� � �! " �� � &� ! *! . �� � *�� " %�
� � , � - ! *! . �� � *�� &" � � �! " ��" �� - �*%� � " �	 � �

>boxpl ot ( l ead$I qf [ l ead$Lead_t
ype == 1] ,  
l ead$I qf [ l ead$Lead_t ype
==2] )


