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Whenever a graph is presented in uhich thc base of th(: ordinate is not sct

at zero, be on the ir lcrt .  The st?rge has bccn set lbr a sleight of-hand tr ick. Wifhout

questi()n, the most scl_iol ls error_irt  graphinEl is Llsing ir  tal lre ()th( ' l_fhan zer() as a

base. Whcre there is no visuir l  relat ionship (o zero, the valucs are \! i thout Perspcc'

t i ve  and  t hus  l r ave  no  n tean ing .  I t ' s  l i ke  somcone  te l l i ng , vou  t h t t  t he  t emPera tu re

( )u l s i de  i s  40o ,  no t  i nd i t : a t i ng  t hc  sc21 le -Fa l r r enhe i t  o r  Ce l s i t t s  o r  u ' he thc r  i l ' s

40o above or below zcro. You night dress to prevent fr()stbite and end up sufler

ing a heatstr-()ke.

MEASURES OF CENTRAL TENDENCY

The Mean
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Table 2.3 (
t

' I 'he tools called measures of central tendency are tlcsigned t() give infi)rrnation

concern in g the avcrage or $ pical scorc of a largc nurnber of sc()r( 's. lt. for cxlrnr'

ple, wc were presented w ith :rl l  the IQ scorcs of thc studeirts at a collegc. u'e coulcl

uti l ize the measures oIcentral trndency to give us sonre descriptir)n ofthc tyPic:rl,

or average, intellectu?rl level at that scho()l. l  here arc three nethods for obtaining

a nleasure of the central lendencv. When uscd appropriately, cach is designed to

give the nost accurate estimation possible of the tvpical score C)hoosing thc ap-

propriate method c21n somctimes bc trick\'. lhc irt terp rctat i( ln of tht: data can

vary widely, depending on ht>w thc trPical sc()le has bcerr f i>und

Moh'n, do *he'N: lustify lhe meons ?

130
124

1 1 5
1 1 0
1 1 0
105
100
100
100

95
90
85
75

rX  =  1545

T X  =
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The Mean

' l  
h c n r o s t u i r l c l v ,  I h o u g h r r o t r l 1 ! i r r s a ( ) l r c c l l \ , u s ( d n r c a s l r l c ( ) i ( c n u - : t l  l c r ) ( l e l a \  i s

t l t e  mean ,  s l n r l r o l i z t ' t l  nsL  The  n rca r r  i s  t he  a r i t h rne t i c  a r c rage  o l  i r l l  t hc  sc ( ) r cs .  l l

i s  c : r l c r r l l t e t l  l r v  ad t l i ng  a l l  t he  sco les  l oge the r  an r l  t hcn  d i v i d i ng  l r v  r he  t ( ) t a l  n l r n r .
l r c r  o l  sco rcs  i r r r ohed .  l hc  l i r t n r r r l l r  f o r  t hc  n rean  i s  as  t o l l ous :

x\
.\

In the fbrnrula, .=\,  of conrse, slarr( ls f()r the rrcan. 
' l  

hc capital letter X
s tands  t o r  t hc  ra r v  sc ( ) r c ,  ( ) r  l hc  n reasu re  o f  t hc  t l _a i1  o r -  c ( )n (ep t  i n  t l ues t i o r . ' l  he
( ; r eck  cap i t a l  l e t t e r  t  ( s i ! { r n . r )  i s  an  ope ra t i o r ra l  t e rn r  t h i l t  i n ( l i c l t es  t he  ad< l i t i on  o f
a l l  n reasu res  o fX .  Th i s  i s  usua l l v  r ead  as  " su rnma t i on  o l . "  t i n : r l l y ,  t he  cap i t a l  l e t t e r
N  s tands  l o r  t he  en t i r e  n l rmbe r  o fobsc rva ( i ons  be inq  dea l t  \ { i t h .  ( l t  i s  i n rpo r tan t

that you l() l l () l r  thr book's use ()t  capital let lcrs, sincc lolvcrcasc letters ()f ten mean
someth ing  qu i l e  d i f f e r cn t . )  l  hus ,  t he  cqua t i ( ) n  t e l l s  us  t ha t  t he  mc rn  ( l )  i \  e ( l ua l  r , '

the summation (I) of al l  the raw scorcs (,Y) divided bv the nunrber of cases (A).

l n  t - ab le  2 . i 1 .  t he  mr i l r r  o l  t hc  c l i s t r - i b r r t i on  ( ) t  IQ  sc ( ) r cs  f r< rm  f i r l t l c  2 .1  has
becn  ca l c r r l a te< I .  I r  happcns  t ha (  t l r c  n rean  i s  x r )  a rp l ) l - ( ) p r i a te  n reas t r re  o l  cen l ra l

Table 2.3 Calculat ion of the mean from a dis-
tr ibution of raw scores.

X

1 3 0
124
1 1 5
i 1 5
1 1 0
1 1 0
1 0 5
100
1 0 0
1 0 0
95
95
90
B5
75

rx -- r 545

-  : l  -
1 0 3

1545
1 5
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Table 2.4 Calculat ion of the mean from a dis-
tr ibution of raw scores where the
result is not a whole number.

72
7 1
70
68
6B
68
65
63

tX  :  545

8  
:  6 8  1 2 5  : 6 8  r 3

tendency in this case because the distribrtt ion is lairly well balanced. Most of the
scores occur in the rniddle range, and there arc no extrelne scores in either direc'
t ion. Since the mean is calculated by adding together all of the scores in thc distri '
bution, it is not usually influenced lry the presence of extrerne scores, &nlesJ the
extreme scores are all at onc end of the range. The mcan is typically a stable mea-
sure of central tendency, and, r ' i thout question, it is the most widely used.

Cabulating the Medn. Note in Table 2.3 that thc meart is calculated :rs
103, a u'hole number. In most situations, however, this won't be the case. A more
typical distribution is shown in Table 2.'1. The mean in this case is rounded to
6 8 . 1 3 .

Aluay round to tuo pla.ces.* l 'his requires completing the calculations tc)
three places to the right of the decimal, then rounding the value that is t$o ! laces
to lhe right of the decimal. If the value in the third place is a 5 or higher, raise the
va lue  in  the  second p lace  by  I  .  Thus ,  68 . I25  bccomes 68 .1  3 .  But ,  68 . l2 '1  i s  rounded
to 68.12. Remember, u'henever you multiply or divide, square or take a square
root, you must round your answcr to two places. ( 'fhis is accurate en()ugh lor a
f-irst course in statistics. When doing a research report for a class or f i)r Prescnta-
tioir, three'or four-place accuracy is often required.)

Inter?reting the Mean. Interpreting the mean correctly can sometimes be
a challenge, especially in situations where either the group or thc size of the grouP
changes. For exarnple, the rnean lQ of the typical f i eshman collegc class is about

*Al though s( ,me sral is l i (s  texrs maintain that  a value ol  5 in thc th i rd p lace to lhe r i l ih t  o l  lhe
dccinral  sknl t l  a lwavs l )c rounded ro the nearesl  c len nul t rber,  th is book uses the con!en
t ion of  rounding a 5 to the nexi  h ighest  number.  I  h is is  consisrenr wirh rhc rounding Pr( '
g] .am bui l l  iDl( ,  nfust  nnxlern .a l .u lat( ts .  l {  your calculatr ) r  has rhc f ixcd decimal  fea(urc,
s inrply set  i t  [or  tw()  p la.rs,  rnd rhe rounding iL i l l  iake pla.c !ut(nn.r t ical ly .
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I  15 ,  whereas  the  mean IQ o f  the  typ ica l  sen  io r  c lass  is  about  5  po in ts  h igher .  Does
this indicate that students increase their IQs as they progress through collegc? No,
bu( sincc the size of the senior class is ir lmost alwavs sm:rl lcr than thc sir-e of tbe
freshman class, the two populations are not the same. Among those freshmen who
never bccome seDiors are a goodlv number with low IQs, and their scores .rre not
being averaged in when their class latcr becomes settiors-

The Mean of Sheued Distibutions. Il sontc siluations, the use of the mean
can lead to an extremely distorted picture of the average ralue ofa distribution of
scores .  For  example ,  look  a t  the  d is r r ibu t ioD o f  annua l  incomcs in  Tab le  2 .5 .  Note
that one income ($ 10.000.000.00) is so extremelv far above thc others that (he usc
of the mean income as a rcflection of averagcness gives a highly misleading pic-
turc of 6reat prosperitv for this group oi cit izens. ,{ distribution i ike tbis one,
which is unbalanced bv an cxtrcme sc()re at or near one end, is said to be a skewed
distribution.

Figure 2.8 shows r,vlrat skewed distributions look l ike in graphic lbrm. In
the distribution on the lefi, most of the scores fall to the right, or at the high end,
and there are only a few extrenell low scores. This is called a negatively skewed,
or skewed to the left, distribution. (The skew is in the direction of the tail-off of
scores, not of the majority of scores.) 

' fhe 
disrributior) on the right represen ts the

opposite situation. Here most of the scores fall to the left, or at the low end of the
distribution, and only a very few scores are high. 'I his is a positively skewed, or
skewed to the right, distribution. Remcmber, label skewcd distributions accord-

Tabl€ 2.5 Calculation ol the mean of a distri-
bution ot annual incomes

$10,000.000.00
20,000.00
20,000 0c
19 ,500 .00
19,400 00
19,400.00
19,400.00
19,300.00
19,000.00
18 ,500  00
18,000.00
18,000.00
17,600.00

lX  =  $10.228,100 00

-  !x  10  22S,100 00x =  N :  
-  - $ 7 8 6 , 7 7 6 9 2
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Negative Posit ive

Figure 2.8 A graphrc |  lslrat on ot skewed drstr bltrons

iDg  to  l l r e  d i r c (  l i ( ) t r  r ) l  t hc  t a  i l .  \ \ ' he t r  t he  ra i l  g ( ) cs  l r )  l  l ) r  l c l i ,  t he  cu l \  c  i s  r r cga l i r . c l l .
sL t ' * e r i ;  w l r c r r  i t  q ( ) cs  t i )  t he  I i l i h l .  i r  i s  l x r s i t i r c l r  sLc l c r l .

Thanhs, Ralph- A rather draml(ic cr:rrnlt lc of how the usc () l  thc rrcan
d i s l ( ) r t s  "ave raqe r r cs \ "  i n  a  ! kcwec l  d i s l r . i l ) u t i ( r n  can  be  seen  i n  a  U r r i . r . c r s i t l . o l  \ r i r . .
g i r r i a  p r css  r c l case ,  r r r r do r rb t cd l v  r r e : rn l  as  t ( ) nq l l c  i n  chcek .  I ) u r i nq  an  ana l vs i s  o l '
h ' r v  r vc l l  t he  n re r r r l r r r s  . f  r he  co l l eee ' s  l 9 f J3  g r . l dua t i ng  c l ass  I . r . e ( l  i .  r hc . i o l ) ' z r r ,
ke t .  i t  \ r as  c l i s co re t c r l  t ba t  t he  h ighes t  sa la r i cs  r ve re  ea rned  l rY  g ra t l ua t cs  o l  t l r e
l ) cpa r t r r en t  o l  Rhc l r r i c  and  ( l on r r l u r r i ca l i r r ns  S tud ies .  whe rc  t hc  beg i r r r r i r r g  ave r
l ge  pa \ ' \ r as  $ i r i r , 000  a  t ea r .  I t  shou l c l  be  p ( ) iD t c ( l  r ) l r l  t ha t  one  s tu ( l e t )1 .  l l r (  7 , l i ) ( ) t
. l  i nch - ta l l  l t askc t l l a l l  p l a r c r  Ra lph  San rpso r r .  l t i t ( l  J  5 t i L r t i ng  sa la r r , o l  nc l l  ovc r
$ I  r u i l l i on . I ) c t l r l ps  t h (  r r r<an  hc igh t  f i ) r  t h ( , sc  \ a rnc  g t -adua tes  $ , t t s  t i  l c c t  ( j  i nches .

The Median

' l  
hc  med ian  i s  t he  exac t  m idpo in t  o f  an l  d i s r r  i l r r r t i o r r .  o r  t hc  po in t  t h l t  sep :u . l t c s

l l t c  u l ) pc r  ha l l  l i o r r r  r l r c  l ( )wc r  ha l l .  I n  1nc r .  t ) ) c  r ) ) c ( l i an  ( sv r rbo l i zed  as  I l r h r )  i s  a
t r r t r ch  n to re  acc r r r i r l r '  l  c l ) r  c \ cD ta t i ( ) t r  o f  ce r r t r  a l  l cDdcnc l  f c r r  a  ske \ . c ( . 1  d i s t r i l ) u t i ( ) t r
t l ) JD  i s  t he  n re : r r r .  \ \ ' l t c r cas  t hc  rnea r )  i nco r t r r -  o l  l hc  ( l i s t r i l l u r i ( ) t )  i l  

' l - a l l l e  
9 . t i  i s

$7 l l { i , 776 . ! i 2 ,  t hc  r r r c< l i . r n  i n ron t c  i s  $  M .  l 0 ( } . 00 .  r  r r r u (  l r  r no rc  c l csc r i p r i ! c  r e l l e r  r i on
o f  t he  t r p i ca l  i n ( ( )me  t ( ) r  t h i s  d i s l l i bu t i o t r .  S ince  i nco rne  c l i s ( r i l t u t i r r r r s  i r r c  a l r nos t
alt lays skcrvcd to$i lr( l  the hish sit le, \ ' ()u sh()ul( l  be on I]re alert Jirr trn inf latcd
figurc whenever the mcan income is reported.-I 'he median gives a bcrtcr cst ima.
t ion of horv the typical rvage earner is actual lv faring.

As  I  mcmorv  t r i cL  l i r r  r ec : r l l i ng  t hc  dc f  i n i f  i on  o l  t hc  rncc l i an .  r h i n l  o l  t hc
rned ian  s t r i p  d i v i d i ng  a  h i shua t .  l hc  same  r r ' i r l t l r  o l  r oad  l i c s  bo th  ro  t hc  l c t i  o l
t  l  r  t  '  r  r  r  t  r  l  i  .  r  r  r  r t r  i l ,  : r r r ' l  t o  t l r r  r  i q l r r .

Calculat ing the Mediaz. 
' l -o 

cir lctr l t t tc t l rc rncdian, the sc(| les nl l lst f i r .st l )c
i l l r anged  i n  d i s t r i l t t r t i on  f ( ) r n t .  l ha l  i s ,  i r r  o rdc r  o f  r n : rgn i t ude .  The r r .  cou r r t  do l r . r r
( o r  up )  t h rou f l h  ha l t  o l  t he  sco rcs .  Fo r  cxan rp le .  i n ' f a l t l e  2 .5  t he rc  t l - c  l l J  i nco tne
sco rcs  i n  l he  d i s t r i l t t r t i on . ' l ' he re f i r r e ,  cou r r t  r l o . *n  d  sco rcs  f i on  t he  r ( , p .  an . l  l hc
sc l cn th  sc ( ) re  i s  t hc  n r cd ian  ( t he re  $ i l l  bc  l hc  samc  number  o f  sco res  a l ) ( ) \ e  l hc
n rcd ian  po in t  i r s  l hc r c  l l r c  l ) c l ( ) \ \ , i t ) .  \ \ r henc \  c l -  a  c l i s t r i l t u t i on  con t l i l r s  a r r  ( ) ( l ( l
r r u r rbe r  o l  sc ' o r cs ,  l j n ( l i n ! I  t he  med ia l  i s  r r r . y  s i n tp l e .  _ \ l so ,  i n  such  d i s t r i l r r r t i ons

Table 2.8

x
124
1 1 8

1 1 4
1 1 4
.t12

tX = 693
l =  I 1 5
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f ablo 2.7

124
1 1 8
1 1 5
I 1 4
114

6

rX  =  587
l = 9 7 8
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Table 2.6 Calculat ion of the median with an
even number of scores.

29

120

" - l 1 4  5  M e d r a n

1 1 4
1 1 2

rX  =  693
i  .  r E  . ^  r r ^ - ^

thc metl ian wil lusual lv be a sc()re that sonlc()ne actual lv rcccivcd. fr l  the distr i l ]u

t i on  i n  
' f  

ab le  2 . i r ,  someone  rea l l y  d i d  ca rn  (he  med ian  i nconc  o f  $  19 , ' 100 .

I l  a  c l i s t r i bu t i on  i s  r nac l c  t r p  o l - a r r  e \en  nu l r t be r  o f sc ( ) res .  l hc  P rocedu rc  i s

s l i gh t l r  d i { l e ren t .  Tab le  2 . t i  p r cscn l s  a  d i s l r i l ) r r t i ( ) n  o f  an  cvc t r  nu r r l ) e r .  o l  sco res .
' l  

he rnedian is lhen f iruncl bv clctcrrninin!{ t}rc sc()re f}rat l ies half iuar bclnct ' I t  lhe

tuo  m idd lemos t  sc ( ) r cs .  l n  t h i s  c i l se .  l he  med ian  i s  I  l ' 1 . 5 .  Do I r ' t  be  d i s tu rbc t l  bv  t hc

f : r c t  l ha t  i n  son re  d i s t r i bu t i ons  ( )1 -eve r l  n r l n l be rs  ( ) f  s c ( r re !  t r obod t  ac tua l l t  r c

cc i ved  l he  mec l i : u r  sco re ;  a f i c r  a l l .  nobody  cve t -hu rd  2 . i l  ch i l d r cn  c i t he r .

The Median of Sheltied Distributiozs. Unlike the ulean, the mediirn is not

aff 'ected by skeu'ed distr ibutions (\ !here there at-e a f 'eru cxtrcrnc set,res i t t  trr te

direct ion). In Table 2.7, for exarnplc, t l re median score is st i l l  found to be I l '1.5,

even with a lo$' score of 6 rather than one of I  l2 as rcported in 
' Iable 

2.t i .  l 'hc

mean  o f  t h i s  d i s t r i bu t i on ,  on  t he  o the r  hand .  p l u rnme ts  t o  an  un rcp rc \ cn l J l i ve

value of 97.83. 
' l 'he 

mc:rn is al*avs prr l led toward the extremc !c()re in ir  skeu'ed

distr ibution. When the extrenle score is at the high cn(1, thc r lean is too high to

ref lect true central i ty; when the extremc score is ir t  t l te low eird, the mean is sinri

l a r l y  t oo  l ow .

Table 2.7 Calculat ion of the median wath an
even number of scores and a
skewed distr ibution.

x
120
1 1 8

" - 1 1 4  5  [ / e d r a n

t t 4
6

tX  :  587
t :  97  83  Mean
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Flgure 2.9 The localron ol  lhe mode n a hrstogram { le i l )  and a l requency polygon ( ' rohl)

The Mode

' I  hc  th i r r l ,  and  l lna l .  measurc  o f  ccn t ra l  tendency  is  ca l led  the  mode and is  syn t .
b< l l i zed  as  Mo.  T l te  u rode is  thc  most  po [ )u la r ,  ( ) t - ln ( )s t  f rcqucnt ly  o rc r r r r ing ,  sco le
in a distribution- ln a histogram, the nlode is aluays located l)eneath thc tallest
bar; in a l iequency polygon. rhe node is always f<>und directly below the poinr
'whr re  lhe  curve  is . r t  i t s  h ighes t . ' fh is  i s  bcc i ruse ,  as  r { ,as  po in ted  ou t  p rev i ( ) l rs lv ,  the
l aris. or the ordinale, I 'epresents the frc(lueDcv of occut-.en(e. (Sec l ' ig. 2.9.)

Finding the Mode. When thc datir are not graphed,just dctermine which
score  occurs  the  nros l  l imes,  and you 'vc  go t  the  no( le .  For  exaDple ,  in  lhe  d is t r i .
burion shown in l alt le 2..9. the sc(rre ()f l{)j occurs rrrore olien Lhan does an).other
score- That value is the mode. In Table 2.9 a frcqucncy distribution of rhe same
data is given. Here, to find rhe modc, all you have ro do is to note which score (X)
is besi(ie the highest f iequencv value (.7Q. The mode is a handr tool since it pro.

Table 2.8 Finding the mode ot a distribution
of taw scores.

1 1 0
105
105
103
103
103
103
1 0 1
1 0 1
100
100
98
95

Table 2.9

1 r 0
r 0 5
103 - Mode
1 0 1
100
98
s5
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Tabl€ 2.9 Finding the mode when a frequency
d i s t r i bu t i on  i s  g i ven .

31

1
2
4
2
2
l

1

v ides  an  cx t renre l r '  < l r r i ck  method f i ) r  o l ) la in ing  sorne  idea o f  i r  d is t r ibu t ion 's  cen,
t ra l i t y .  lus t  eyeb l l l i ng  the  d : r ta  i s  usua l lv  enough ro  spoL rhe  rnodc .

Bimodal Distributiors. A distl ibrrIior har ing a sinqle rnodc is reftrre(l l()
as a unimodal distribution. Howerer. some distri l>utions have nore than ol)e
mode.  Wl ren  the  re  a re  two modes,  as  in  F ig .  2 .10 ,  thc  d is t r ibu t ion  is  ca l led  b i r rod .
a l .  (When thcre  are  more  than two modes,  i t  i s  ca l l cd  mul t i rnoda l . )  D is t r ibu t i<>ns
of this tvpe occur whcn scores cluster togethcr at several poiltts, or if the group
being mcasured really reprcsents two or rtrorc subgroups.

Assume tha t  the  d is t r ibu t ion  in  F ig .2 . l0  represents  the  runn ing  t imes ( in
seconds) in the l00.yard dash {br a l irrge group of high school scniors. There are
two modes-onc at l3 seconds antl the other al l8 seconds. Since there are trv()
sc()res that both occur $ith the same high fiequerrcr'. i t is probal)le that data about
t r {o  separa te  sq l )q roL lps  l re  be ing  d isp lavcr l .  For  exanrp le .  perhaps  the  ru t r t r ing
tincs [or bovs are clustering around <rne ntodc ancl rhe speeds f(]r girls are cluster-
i r rg  a rour rd  the  (  ) ther .

Inter?reting the Bimodal Distributiorr. \\'hcncvcr a distribution riocs fall
in to  n ro  d is t inc t  c lus te rs  o fscorcs ,  cx t reme care  n lus l  bc  taken w i th  t l re i r  in tc rp re .
ta t i ( ) r t .  Nc i ther  the  me an nor  the  med ian  can. iu l i f iab ly  be  used,  s incc  a  b imod i r l
distribution cann()t be ade(luatel,! described with a singlc value. A person $'hose

1 1 0
1 0 5
103  -  Mode
1 0 1
100
98
95

t 3
Seconds

Figur€ 2.10 Graph o '  brmoda d s l r ibul  on ot  r lnn ng I  mes

t 8
Secondr

Clrotlp A
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?D.Or0  16 .00 !  11 .000
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Figure 2,11 Graph ol re5ponses lo an altr l lde quest onna re show nq lwo rnodes

he . r t l  i s  pac l c r l  i n  i c c  and  r vhose  t ec t  a i c  s i t t i n ! {  i n  a  t ub  o1  bo i l i r r g  u  a te r  canno (  l ) e

app rop r  i a t c l t  cha r -ac te r i ze t i  i r s  be iDg  i n  i r  t ep i ( l  c ( )nd i l i oD  o t r  t l t ?  a l oog ( .

l l i n rod i r l  t l i s t r i b r r r i o r r s  sho r r l r l  n r ) t  l ) c  l cp r r se r r t ed  by  t l r c  r r sc  o f  a  s i ng le

ave rage  o l  t he  sco rcs .  S r rppose  a  g r , r up  < r l  i n r l i l i t l u l l s  c r x rp le t cd  a  r .  e l t i r i n  a t t i t ude

ques t i ( ) nna i re . ' l ' he  resu l t i r r g  sco rcs  f e i l  i n  t r r< r  c l<c idcc l l !  r l i t l i r e r r t  c l us t c r s ,  ha l (

t hc  ! 1 ( ) r r J )  sco r - i ng  a r ( )und  a  "p . ( ) "  a t t i t udc  l nd  t he  ( r t he r  ha l f  a roun t l  an  " : l n t i "

l t { i t u ( l c .  l h t  usc  o l  e i t hc r  l hc  r l can  o r_ lhc  rned i l r n  t ( )  r ' epo r l  t h ( '  r esu l t s  i { ( ) u l d

p lov idc  a  h i gh i r  n r i s l e r rd i r g  i n te rp rc ta l i ( ) i r  o l  t he  g roup  s  pc r l i r r r nancc ,  f i r r  i n  c i '

r hc r '  ( i r se  l he  g r ( )uP  s  r  r t i t  ud  i \ ' ( ) u l r l  be  r c l r r  cscD ted  i r s  l ) e i ng  ncu l ra l .  ! ' i gu re  2 . I  I

shows  such  u  l r i r noda l  d i s r r i bu t i o r r .  I  he  n ro  rnodes  c l ea r - l 1  i n t l i ca t c  how  d i l i dcc l

f hc  q r ( )u l l  l ca l l \  was .  N1 ) t c ,  t ( ) r ) ,  t h : r (  $ l r i l e  r r o l o r l r  s co re ( l  r {  t he  ncu i ra l  1>o i r t t ,  r r s i r t g

c i t hc r  t he  mean  ( ) r  l hc  rned ia r r  : t s  a  dcsc r i p l i ( ) r  ( ) 1 - (  en t ra l i t v  n ,o t t l c l  imp l v  t h r r t  t hc

t vp i ca l  i nd i v i dua l  i r r  t he  g r -o t rp  r v : r s  i r r< l eec l  nc r r t r a l . ' f hus .  r vhcn  a  c l i s t l i b r r t i r r n  has

Dr ( ) r c  l ha r )  o l l c  l l r o t l c ,  l he  r l ( , dc ! i  t l l e rnsc l \ ' es .  r l ( ) t  l he  n le ; lD  ( ) r ' l l r c  r ne ( l i a r .  sh ( ) l ! l c l

be  used  t r ,  p r ' ov i c l e  i r n  i l ce r r ra l e  r i c c ( )u r l l .

APPROPRIATE USE OF THE MEAN, THE MEDIAN
AND THE MODE

Working with Skewed Dislributions

- l  
hc  bes t  l ra r  t ( ,  i l l r rs t r : r te  1h( -  ( ( )n lpar iu i \c . rpp l i caL i l in  o l  thc  th ree  rucasurcs  ( ) t '

ccn l ra l  ten( lenc f  i s  t r r  k rok  xga in  a t  i r  skcr rc t l  r l i s t r ib t t t ion .  I : igure  2 .12  sho$s  ln
approx in ra t ion  o f  thc  income r l i s t r i l ru t ion  per  h r i t rscho ld  in  t l re  (Tn i tcd  Sta tes  i r r
l9 i i7 .  l , i kc  n r )s t  i l l ( ( ) i l re  < l i s t r ib r r t i< rns .  th is  o t rc  i s  skeucc l  to  th (  r i {h t . ' l h is  i s  be-
cause the  lo rv  e r rc l  has  a  l i xcd  l in r i t  o f  zc ro ,  $h i l c  thc  sky  is  th (  l i rn i t  a t  the  h igh
cnd.  Note  th l t  t l l e  ( :xac t  l ) ) idpo i l t  o l  thc  c l i s t r ibu t ion ,  the  lncd i i rn ,  f : r i l s  a t  a  va lue
of  $2{ i , {X)1)  a  1c . r r . . lh is  i s  tbe  l igure  i rb ( )ve  $} r i ch  50% of  the  inconrcs  ta l l  and
bekrw rrhich l '() ' :? f:rl l . l lccaust there i\ a l)()sit i\c skeu, the mcarr indicates a fairly
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Figwe 2.12
D s1f  bulron or  ncome per l rouseho d n the Lln led Stales

i ,/-T-\
,/ 1..-

/ ] 

------.-..---.-..-.-.-

2 i r .000 l6 .0L lo  . r l  000
Itr,l', \1!d rn \lrJd

h igh  ave r i t ge  i n ton re  o1  S31 .000 . - l ' h i s  r a l t r e .  ho l ' c ve r .  u i \ e !  r  r : r t he r  ( l i s t o r t c t l  p i< -
t u  re  o l  r ca l i t l .  s  i r t  t  c  t hc  ne ln  i s  l r c i nq  u  ndu l v  i r r  l l  ue r r  ccd  l r r  t  hc  f e r v  f i r u r  i l j e s  a t  t l r c
h igh  cnd  o f  t l t c  cu t vc  t l l t o re  i ncon rc  i s  i n  t l t c  n r i l l i ons .  l ' i n t r l l r ' .  t hc  r r t od i r l  i n t r t r r r c .
rvhich is $20,01){) per vear. secn\ t() ( l is lot-t  rcal i tr  tor l i rrd thc lorv siclc. , , \ l t l totrgh
thc  n tode  does  l cp r ' <se r t  t he  n ros t  t t equc r r ( l t  e .L rne< l  i nco rne .  i t  i s  nc re r t he less
lo r ve r  t ha r  t he  po in l  sepa r ; r t i r r g  rhc  i l c ( ) r ne  sc ( ) r ( , s  i n l r )  t r l ( )  l t a l \ ' c s .  I n  l hc ' casc  o f -a
ske$cc l  d i s t r i bu t i on ,  t hcn ,  bo th  l hc  n l ean  anc l  t l r c  r noc le  g i ve  l i t l r t ' .  t l r o r rgh  r l i l l i ' r -
cn l .  po r t r a i l s  o f  l vp i c i r l i t \ ' .  1he  l r u th  l i es  some$h t ' r c  i n  bc t$ccn .  I  hus ,  i n  u  1 tos i .
t i ve l r ' s keue t l  d i s t r i l ) r r t i ( ) r r  t hc  ( ) adc r  ( ) l  t he  t h ree  n le i l su r -es  ( ) f  c cn t r l l  t e r ( l cn ( \ '
l r on r  l c f t  l r )  r i gh t  i s  l i r s t  t he  rnoc l c ,  t i r c  l o \ r cs t  r a l ue ;  t hen  t he  r r r cc l i an ,  I hc  n t i d -
po in t :  and  t l na l l l  t hc  n re : l n .  t hc  h i ghes t  r ' : r l r r c .  A  neg rL t i ve l v  skc r l e r l  < l i s t r i l r u l i o r r
s imp l v  re \ c r scs  t h i s  o rde r .  (Scc  F ig .2 . l l t ) .  I ' h c  po in t  t ( )  r e r r cDr l ) e r - f i r r  s ke t cd  r i i s
t t i bu t i ons  i s  l h i l t  t he  mean  i s  a l r vavs  l oca te< l  t o r l t r r d  t l r c  l a i l  en ( l  o f  t hc  cun ,e -

A  mncmon ic  r l c v i cc  o f t en  used  f i ) r  t h i s  p r r rp r . , se  i s  I ( )  r en l cn t l ) e r  t l r i l t  as
\ ' ( ) u  g ( )  up  t he  s l ( ) pe  ( ) f  e  skc rved  c t r r | c ,  t l l c  l ncasL r r ' c s  ( ) l  t cn ( ra l  f e r r t l en<  r ' ep l r c1 r r  i n
i r l ph i r be t i r a l  o rde r ,  f i r s l  t he  I nca l r ,  t he r  t he  r r cd i i l n ,  a r r c l  l i n . r l l v  l hc  u ro t l e .  I n  r r s i ng
lh i s  I nem( )av  p l { } d .  v ( ) r l  l I L l s t  r e r r ) cn l l ) c r  t l l i l t  \ ou  re  g r r i ng  r r / r  t hc ' s l ( ) l ) ( '  a l r ( l  t h l l
t ou ' r e  go i r t g  up  ( )n  l hc  qen t l e  s l opc ,  r i o l  t he  s t ce l )  s i de .  I ) i e tu re  t ou rsc l f  a t  a  sk i
a rea ,  r i c l i n {  t hc .ha i r l i f t  u l )  t he  no \ i ( c  s l ( , pe .

Figu16 2. '13
A negatrve/y skewed dL: l ro,J l ronMerl ien
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Assessing Skswness (Sk)

Although there are techniques l irr cstablishing a precise value for the amount of
skcrvness  (Sk)  p reser r t  in  an l  un imoda l  d is t r ibur ion  o fscores  (see the  Append ix ) ,  a
somcwhat rough but easy method fbr spoting Sk is simply to compare the [rcan
anc l  med ian .  Remembcr ing  tha t  in  skewed d is t r ibu t i<>ns  the  mean a lwavs . , t ios
toward the tail," then the rncan can be used as a quick indicator of\ke\arrrcs". It the
r 'ean l ies  to  rhe  le f r  o f  the  r 'ed ian ,  rhc  d is r r ibur i rn  i s  skeued le f t .  l f  i t  l i es  to  the
right of the median, the distribution is skewed to rhe righr. Also, rhe greater rhe
distance betweerr the mean and median, the greater the total amount of Sk. For
example, if you irre told that thc mean price firr a new home in the United States is
$100,000 and rhar the median price is $80,000, rhen you rnay conclude thar rhe
d is t r ibu t ion  o fp r ices  is  sker red  t , ,  rhe  r igh t  ( r lh iL l r  i r  re r l l )  i s ) , , , r  has  an  Sk* .  Or ,
if the nredian golf scorc frrr thc rrembcrs of ?l certain cr>unlry club happened to be
95, but the [leiln t{as only 85, then the clistribution of qolf scores would sh<>w a
negative skew, or Sk-. ln gencral, thc greatcr the discrepanc),between the mean
a n d  t h e  r n e d i a n .  l h e  g r e a t e r  r h e  s k e r r n e s .

By incorrectly using such descriptive statistics as thc neasures ot central
tendency, sornc exlrcmelv interesting bits of con-artistr.y can be perfbrmed. As
previously mcnrioncd, if a distribution is skewed ro the riqht. rhe mode reflecrs
the lowest value of central tendencv while thc Dean p()rtrays the highest. With
such a distribution, a rcsearchcr could report r>n a beforc-and-aftei study and
make it appear that group performance had increased in the.,alter" condition,
even though criery J-core in the erLtire group had remoined the saze. Horv? The researcher
simply reports the rnodal scorc for thc results of the .,befbrc" condition and the
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mean score fbr the results of thc "after" condition. Does it mattcr. then. which
measurc of central tendencv is used? You bet it doesl

Effects ol the Scale of Measurement Used

Which o{ the mcasures of central tendency to use also depends on the scalc of
rneasurement  on  uh ich  the  da t i r  a re  based. ' fhe  d iscuss ion  so  fa r  in  th is  chapter
has assumed an interval scale, that is, a scale in which the differencc between suc-
cessive scale points is eclual. Interv:rl data allow fbr the calculation of all three
measures of central tendcncy-mean, median, and mode.

Ordinirl data, however, carrnot be uscd to calculate the mean- Since ordi.
nal data providc nr> infirrma(ion rcgarding the distance between the scale points,
ca lcu la t ing  an  ord ina i  mean can bc  ex t remely  mis lead ing .  Such a  mean g ives  r i se
to the assumpti()n that the distanccs are known. With ordinal data, the median
can and shou ld  be  used.  S i r rce  the  med ian  is  rhe  midd lemost  po in t  in  a  d is t r ibu-
tion, it is itsclf a rank-a rank i l l)ovc which half the scores fall and below l 'hich
half the scores fall. Recall that before finding the median you had to rank the
scorcs (arrange them in order of magnitude).

Finally, rvith nominal data, neither the mean nor the median can be used,
since each of these measures irnplies thc comparisons of greater than and less
than. Nominal data are restricted by the equality,noncquality rule and are irr the
form of frequencv of occurrence withiir discrete catcgories. Therefbre, the only
measure of central tcndency permissible for nominal data is the mode, the mosl

lrequent\ occurring score. The mode is dctcrmined on the basis of frequencl of
occurrcncc, which is preciselv the kind of data that the nominal scalc is dcsigned
to hanclle.

In short. intcrval data and ratio data allorc thc use ofall three measures of'
central tendency. If the interval data distributiolr is unimodal and fairly well bal.
anced, use the mean. If the distribution is skewed ro the right or the lefi, use the
rnedian. lf thc distribution has rnore than one clustering of score values at diffcr-
en t  sca le  pos i t ions ,  use  the  mode.  Wi th  o rd ina l  da ta ,  s ince  the  mean is  no  longcr
applicable, use the median. Horvever, if there are clusterings of t icd ranks at dif,
ferent ordinal positions, then use the mode. If the data are noninal, there is no
cho ice  bu t  to  use  the  mode.

l,ater iD this book, during the discussion of nonparametric statistical
teclrniques, other more subtlc distinctions anong the measures of ccntral ten,
dency  w i l l  l )e  p resented .

SUMMARY

Descriptive statistics includes those techrriques used fbr describing Iarge amounts
of data in convcnient :rnd svmbr>lic l irrm.


