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Learning objectives 
 

At the end of the lecture you should be able to: 
 

1. Define and Calculate four measures of variation for a set of data: 

- Range 

- Variance 

    -    Standard deviation 
             -    Coefficient of Variation 

2. Choose the appropriate measure of variability 
 

                 Measures of variation  
 Measures of central location fail to answer the 

following question:  
 
(How much spread out are the measurements   
about the average value (the mean)?) 
 
 
 
 
 



tionMeasures of Varia  

 
 Measures of variation are measures that describe how spread 

out or scattered a set of data is. 
  They are also known as measures of dispersion or measures 

of spread.  
 

  
  There are 4 common measures of variation: 
  

1. Range 
2. Variance 
3. Standard Deviation 
4. Coefficient of Variation 

 
 

11..TThhee  rraannggee  
  

The range is the difference between the highest and the lowest 
values. 

 

  
  

  

EExxaammppllee::  RRaannggee  ooff    

                        {{77,,  88,,  99,,  1100,,  1111,,  1122}}          iiss  1122--77==55..  

                        {{77,,  88,,  99,,  1100,,  1111,,  3300}}          iiss  3300--77==2233..    

  

  

  

  

  

  



PPrrooppeerrttiieess  ooff  tthhee  RRaannggee  

  
1. The range is the simplest measure of variation.  
2. It is easy to calculate. 
3.  The major disadvantages of the range are: 

 
a. The range takes only two values into account (the highest 

and the lowest) 
b. It is largely affected by extreme values. 
c. It does not provide information on the spread of the values 

between the lowest and highest values.  
 

  

  

  

22..TThhee  VVaarriiaannccee    
 
The Variance is the average squared deviation (distance) of the 
observations from the Mean. 
 
The variance of the sample is denoted by (S2) 
The variance of the population is denoted by σ2 

 

FFoorr  uunnggrroouuppeedd  ddaattaa   
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Example: Calculate the variance for the following set of data 
 

{{8822,,  6688,,  7744,,  8866,,  9900,,  8888,,  6622,,  7755,,  8800,,  5555}}   
 

11..  TThhee  ffiirrsstt  ffoorrmmuullaa::  ss
22  
==  ΣΣ((xx  ––    ))

22
//nn--11  

    

                                            --    --  

xx                                xx--  xx                      ((xx––xx  ))
22
    

  8822                            66                                3366  

  6688                          --88                                6644  

  7744                          --22                                    44  

  8866                        1100                              110000  

  9900                        1144                              119966  

  8888                        1122                              114444  

  6622                      --1144                              119966  

  7755                          --11                                    11  

  8800                            44                                  1166  

  5555                          --2211                            444411  

                  --                                              --  

      ∑∑xx--xx==00                    ∑∑  ((xx––xx  ))
22
  ==11119988  

  

  

  

  

  

  

  

  

SS
22  
==11119988//99      ==  113333..1111  yyeeaarr

22
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Note: The sum of deviations from the mean for any set of data is 
zero  

TThhee  ssuumm  ooff  ddeevviiaattiioonnss==  {{((8822--7766))  ++  ((6688--7766))  ++  ((7744--7766))  ++  ((8866--7766))  ++  

((9900--7766))  ++  ((8888--7766))  ++  ((6622--7766))  ++  ((7755--7766))  ++  ((8800--7766))  ++  ((5555--7766))}}  ==    
  (6 – 8 – 2 +10 + 14 + 12 – 14 – 1 + 4 – 21)= 0 
  
 
2. The second formula 

  xx                                xx
22
  

  8822                    66772244  

  6688                    44772244  

  7744                    55447766  

  8866                    77339966  

  9900                    88110000  

  8888                    77774444  

  6622                    33884444  

  7755                    55662255  

  8800                    66440000  

  5555                    33002255  

∑∑xx==776600  ∑∑xx
22
  ==5588995588  

  

  

                                                                          

                                                                        ss
22
  ==  ((5588995588))--{{((776600))

22
//1100}}//  1100--11  

                                                                                                    ==  ((5588995588--5577776600))//  99  

                                                                                                    ==  113333..1111  yyeeaarr
22
    

  

  

  

  

  

  

  

  

1

)( 2

2

2










n

n

X
X

S



VVaarriiaannccee  ffoorr  ggrroouuppeedd  ddaattaa  

  

  

  

  

  

  

  

  

  

EExxaammppllee  

Age 
(yrs) 

F Midpoint 

(X) 
fX  

fX
2

X
2

  

1 –  18 2 36 18x4=72 

3 –  20 4 80 20x16=320 

5 –  39 6 234 39x36=1404 

7 – 17 8 136 17x64=1088 

9 – 11 6 10 60 6x100=600 

Total ∑∑ff==110000 ∑∑ffxx==554466 
∑∑ffXX

22    

==33448844 
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33..SSttaannddaarrdd  DDeevviiaattiioonn  

    
  IItt  iiss  tthhee  aavveerraaggee  ddeevviiaattiioonn    ooff  tthhee  oobbsseerrvvaattiioonnss  ffrroomm  tthhee  MMeeaann  

    IItt  iiss  tthhee  ssqquuaarree  rroooott  ooff    vvaarriiaannccee  

  

--TThhee  ssttaannddaarrdd  ddeevviiaattiioonn  ooff  aa  ssaammppllee  iiss  ddeennootteedd  bbyy  tthhee  lleetttteerr  ((ss))  

oorr  ((ssdd))..  

--TThhee  ssttaannddaarrdd  ddeevviiaattiioonn  ooff  tthhee  ppooppuullaattiioonn  iiss  ddeennootteedd  bbyy  ((σσ))..  

  

  

  

SSttaannddaarrdd  ddeevviiaattiioonn  ffoorr  uunnggrroouuppeedd  ddaattaa  
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SSttaannddaarrdd  DDeevviiaattiioonn  ffoorr  ggrroouuppeedd  ddaattaa  

  

                                      

  

  

  

  

  

  

PPrrooppeerrttiieess  ooff  tthhee  ssttaannddaarrdd  ddeevviiaattiioonn    

  
11..  IItt  iiss  tthhee  mmoosstt  ccoommmmoonnllyy  uusseedd  mmeeaassuurree  ooff  vvaarriiaattiioonn..  
22..    AAllll  vvaalluueess  aarree  ttaakkeenn  iinnttoo  aaccccoouunntt  iinn  iittss  ccaallccuullaattiioonn..  

33..  IItt  hhaass  tthhee  ssaammee  uunniittss  aass  tthhee  oorriiggiinnaall  ddaattaa  

  

  

44..  TThhee  ccooeeffffiicciieenntt  ooff  vvaarriiaattiioonn  
  

  IItt  iiss  tthhee  rraattiioo  ooff  tthhee  ssttaannddaarrdd  ddeevviiaattiioonn  ttoo  tthhee  mmeeaann  

  IItt  iiss  aa  mmeeaassuurree  ooff  rreellaattiivvee  vvaarriiaattiioonn  rraatthheerr  tthhaann  aabbssoolluuttee  

vvaarriiaattiioonn  aanndd  eexxpprreesssseedd  aass  aa  ppeerrcceenntt    
: 
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TThhee  ccooeeffffiicciieenntt  ooff  vvaarriiaattiioonn  iiss  uusseedd  ttoo::--  
 

1. Compare the variation of two or more distributions if they 
have different units (CV has no unit this makes comparing 
data sets with different units possible). 

2. Compare the variation of two or more distributions having 
widely different means. 
 

 
 
Example: Compare the variability in heights and weights of a 
sample of 40 men? 

 

 Sample mean Sample sd  

Height 68.34 in 3.02 inches 

Weight 172.55 lb 26.33 lb 

 
 
 
 
 
 
 
 
 
 

Conclusion: 

Heights (with CV=4.42%) have less variation than 
weights (with CV=15.26%)   
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Terminology 
 SYMBOL/ NOTATION 

Quantity Population 
Parameter 

Sample Statistics  

Mean  µ 
 

Standard 
Deviation  

σ Sd 

Variance  σ² s² 

 
 
 
 
 
 
 

X



   Questions 

1. What is the relationship between the variance and the standard 

deviation?  

a. Variance is the square root of the standard deviation  

b. Variance is the square of the standard deviation 

c. No constant relationship between the variance and the 

standard deviation  

d. None of the above 

2. Which of the following is a disadvantage of the range as a 

measure of dispersion?  

a. Can be distorted by a large mean 

b. Not in the same units as the original data 

c.  Based on only two observations 

d. Has no disadvantage  

3. In general, which of the following statements is FALSE? 

a. The sample mean is affected by extreme values. 

b. The sample range is more affected by extreme values than 

the standard deviation. 

c.  The sample standard deviation is a measure of spread 

around   the sample mean. 

d.  The sample standard deviation is a measure of variation 

around the median. 

                                                       Thank You 


