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Quantifying Distributions Quantifying Distributions 

2 

Measuring the “Center” 

Measuring Variability 

Central Tendency 
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A measure of central tendency is 
a number that represents the 

middle of a distribution  

Typical Measures of Central Tendency 

4 

Mean Median Mode 
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Typical Measures of Central Tendency 
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Mean Median Mode 

The Mean 

•  Commonly known as the “average” 
•  Appropriate for interval, or ratio scale data 
•  Not valid for nominal or ordinal scale data 
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The mean is the sum of a set of scores 
divided by the number of scores in the set 

Population 

Sample 

� 

µ

� 

M

� 

X 
mu 

“mew” 

“X bar” “M” 
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Calculating the Mean 
- Population Formula - 

8 

� 

µ = Sum of Scores 

Number of Scores 
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µ =
ΣX
N

Calculating the Mean 
- Population Formula - 
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µ =
ΣX
N

Calculating the Mean 
- Population Formula - 

10 

ΣX

11 

Σ

Summation Notation 

12 

Take  the  sum  of	
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ΣX ?

16 
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ΣX = 8+ 6 + 7+ 9
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ΣX = 30
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ΣXi ?

20 
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ΣXi = X1 + X2 + X3 + X4
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ΣXi = 8+ 6 + 7+ 9
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ΣXi = 30
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Σ(Xi − 5)
2 ?

25 

i	
 X	

1	
 8	

2	
 6	

3	
 7	

4	
 9	


Σ(Xi − 5)
2 = (X1 − 5)

2 + (X2 − 5)
2 + (X3 − 5)

2 + (X4 − 5)
2
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Σ(Xi − 5)
2 = 32 +12 + 22 + 42
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Σ(Xi − 5)
2 = 9 +1+ 4 +16

28 
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Σ(Xi − 5)
2 = 30

29 

Σ

Summation Notation 

30 

Take  the  sum  of	


ΣX

31 

µ =
ΣX
N

Calculating the Mean 
- Population Formula - 

32 
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µ =
ΣX
N

Calculating the Mean 
- Population Formula - 

33 

µ = ΣXi

N

Calculating the Mean 
- Population Formula - 

34 

µ =
ΣXi

N
X =

ΣXi

n

Population Sample 

35 

Visualizing the Mean 

36 
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µ

-­‐‑3	


-­‐‑3	
 +5	
+1	


(-3) + (-3) + (1) + (5) = 0 

37 

Variability 

o  How much difference to expect from score to score 

o  How well the mean represents the scores on the 
whole, and how well an individual score would 
represent the whole 

Variability refers to the degree to 
which scores in a distribution are 
spread out or clustered together  

Time  to  Campus  via  
La  Jolla  Village  Drive	


Time  to  Campus  
via  Gilman  Drive	


X  =  15.2	


X  =  14.6	


Drug  A  Effect  on  
Blood  Pressure  
for  200  Patients	


Drug  B  Effect  on  
Blood  Pressure  
for  200  patients	


X  =  -­‐‑5.8	


X  =  -­‐‑6.1	
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Standard Deviation 

The standard (typical) amount 
scores deviate from the mean 

Population 

Sample 

� 

σ

� 

s“sigma”	


“s”	


Population 

Sample 

� 

σ

� 

s“sigma”	


“s”	


Population Standard Deviation 
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2, 4, 3, 2, 2, 3, 1, 0, 2, 1 

Cups  of  Coffee  Consumed  Each  Day  
N  =  10  Individuals	


2, 4, 3, 2, 2, 3, 1, 0, 2, 1 

Cups  of  Coffee  Consumed  Each  Day  
N  =  10  Individuals	


Cups  of  Coffee  Consumed  Each  Day  
N  =  10  Individuals	
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Standard Deviation 

The standard (typical) amount 
scores deviate from the mean 

� 

deviationi = Xi − µ
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µμ  =  20  /  10  =  2	
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µμ  =  20  /  10  =  2	


20	
 0	
 Will  always,  by  
definition,  be  zero	


i	
 X	
 Xi  -­‐‑  µμ	

1	
 2	
 0	

2	
 4	
 2	

3	
 3	
 1	

4	
 2	
 0	

5	
 2	
 0	

6	
 3	
 1	

7	
 1	
 -­‐‑1	

8	
 0	
 -­‐‑2	

9	
 2	
 0	

10	
 1	
 -­‐‑1	


µ

-­‐‑3	
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 +5	
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(-3) + (-3) + (1) + (5) = 0 

FROM 
BEFORE 

µμ  =  20  /  10  =  2	
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Xi − µ
Absolute  Deviation	


Xi − µ( )2
Squared  Deviation	


Sir  Arthur  Eddington	
 Sir  Ronald  Fisher	


Xi − µ Xi − µ( )2

Xi − X Xi − X( )2

Sampling Error 

The discrepancy (or amount of error) that 
exists between a sample statistic and the 

corresponding population parameter 

Population Parameters 
Average Age: 19.8 
Average IQ: 110.5 
65.1% Female, 34.9% Male 

Sample 2 Statistics 
Average Age: 19.2 
Average IQ: 112.2 
80% Female, 20% Male 

Sample 1 Statistics 
Average Age: 21.8 
Average IQ: 106.2 
40% Female, 60% Male 

FROM 
BEFORE 

Xi − µ Xi − µ( )2

Xi − X Xi − X( )2
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Wiki è Readings è  Fisher (1920) 

Properties of Estimators 

•  Consistency:  
“Does it get better with more data?” 

•  (Relative) Efficiency: 
“Does it err less than other estimators?” 

 

•  Sufficiency:  
“Does it use all the data?” 

    

Properties of Estimators 

•  Consistency:  
“Does it get better with more data?” 

•  (Relative) Efficiency: 
“Does it err less than other estimators?” 

 

•  Sufficiency:  
“Does it use all the data?” 

    

Xi − µ Xi − µ( )2

Xi − X Xi − X( )2
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Xi − µ
Absolute  Deviation	


Xi − µ( )2
Squared  Deviation	


Sir  Arthur  Eddington	
 Sir  Ronald  Fisher	


Xi − µ( )2
Squared  Deviation	


Xi − µ( )2
The Squared Deviation 

the base unit of variability in statistics 

Squared  Deviation	

	


Xi − µ( )2
Squared  Deviation	


“Squares”	


The Squared Deviation 
the base unit of variability in statistics 
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Sum of the Squared Deviations 
aka sum of squares 

� 

SS
“S  -­‐‑  S”	
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20	
 0	
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 SS	


12	

10	
 1.2	


Mean  
Squared  
Deviation	


SS	


N  	


Mean Squared Deviation 

Population Variance 

12	

10	
 1.2	


Mean  
Squared  
Deviation	


SS	


N  	


Mean squared distance 
of scores to the mean 

Mean Squared Deviation 

Population Variance 

Variance = Sum of Squared Deviations
Number of Scores
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σ 2 = SS
N

Mean squared distance 
of scores to the mean 

Population Variance 
Mean Squared Deviation 

� 

σ = σ 2

Standard Deviation = Variance

Standard Deviation( )2 =Variance

σ 2 = SS
N

Mean squared distance 
of scores to the mean 

Population Variance 
Mean Squared Deviation 

Population Standard Deviation 

Average* distance of 
scores to the mean 

σ = SS
N

* Not actually the average. 
  

The average distance of  
scores to the mean is the: 

“mean absolute deviation” 
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12	

10	
 1.2	


Mean  
Squared  
Deviation	


SS	


N  	


σ = 1.2 =1.095 cups of coffee

Cups  of  Coffee  Consumed  Each  Day  
N  =  10  Individuals	


1

2

3

4

C
ou
nt

-1 0 1 2 3 4 5 6

σ =1.095 cups of coffee

Complete Steps for Calculating the  
Population Standard Deviation 

Xi − µ Find each deviation score  

Xi − µ( )2 Square each deviation score  

SS = Σ Xi − µ( )2 Sum the squared deviations  

σ 2 = SS N Divide SS by the number of scores  

σ = σ 2 Take the square root of the result  

Population Standard Deviation 

� 

σ =
(Xi − µ)∑ 2

N
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Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

Population 

Sample 

� 

σ

� 

s“sigma”	


“s”	


Population 

Sample 

� 

σ

� 

s“sigma”	


“s”	


Sample Standard Deviation 
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Standard Deviation 

The standard (typical) amount 
scores deviate from the mean 

FROM 
BEFORE 

Parameters and Statistics 

Population 
Sample 

µμ  
σ	


PARAMETERS 

STATISTICS 

X
s

Parameters and Statistics 

Population 
Sample 

µμ  
σ	


PARAMETERS 

STATISTICS 

X
s

Parameters and Statistics 

Population 
Sample 

µμ  
σ	


PARAMETERS 

STATISTICS 

X
s
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Parameters and Statistics 

Population 
Sample 

µμ  
σ	


PARAMETERS 

STATISTICS 

X
s

ESTIM
ATIO

N	


Parameters and Statistics 

Population 
Sample 

µμ  
σ	


PARAMETERS 

X
s

ESTIM
ATIO

N	


STATISTICS  
(ESTIMATES)	


Properties of Estimators 

•  Consistency:  
“Does it get better with more data?” 

•  (Relative) Efficiency: 
“Does it err less than other estimators?” 

 

•  Sufficiency:  
“Does it use all the data?” 

    

Properties of Estimators 

•  Consistency:  
“Does it get better with more data?” 

•  (Relative) Efficiency: 
“Does it err less than other estimators?” 

 

•  Sufficiency:  
“Does it use all the data?” 

    

•  Bias:  
“Does it over- or under-estimate the true value on average?” 
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Standard Deviation 

The standard (typical) amount 
scores deviate from the mean 

FROM 
BEFORE 

Sample Standard Deviation 

An estimate based on sample data of the 
standard deviation of the population from 

which the sample was drawn 

Sample Standard Deviation 
corrected for the purpose of estimation 

Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

Sample 
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Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2

Sample 

Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2

Sample 

Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2

Sample 

s = SS
n −1

Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2 s = SS

n −1

Sample 



1/5/15	
  

27	
  

Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2 s = SS

n −1

Sample 

µ
4 

6 

5 7  9 

8 

5 9 

3 7 

3 5 7 

4 8 

6 

2 -2 

2 -2 

3 -1 

2 -2 

2 -2 

SS = -22 + 22 = 8 

SS = -12 + 32 = 10 

SS = -32 + 12 = 10 

1 -3 

SS = -22 + 22 = 8 

SS = -22 + 22 = 8 

SS = -22 + 22 = 8 

n = 2 SS = Σ(Xi − µ)2

SS = Σ(Xi − X)
2

Wiki è Readings è Why n-1? (1979)   

Sampling Distn Demo of 
Variance 
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Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2 s = SS

n −1

Sample 

Calculating the Standard Deviation 

SS = Σ(Xi − µ)2 σ = SS
N

Population 

SS = Σ(Xi − X)
2

Sample 

s = SS
n −1

Calculating the Variance 

SS = Σ(Xi − µ)2 σ 2 = SS
N

Population 

SS = Σ(Xi − X)
2

Sample 

s2 = SS
n −1

Calculating the Variance 

SS = Σ(Xi − µ)2 σ 2 = SS
N

Population 

SS = Σ(Xi − X)
2

Sample 

s2 = SS
n −1
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σ	
s	
 ∧	
2	
 2	
 σ	
s	
 ∧	
2	
 2	


is  an  unbiased  
estimator  of	


µμ	
X	
∧	


σ	
s	
 ∧	

	


2	
 2	



