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Measures of Central Tendency 
(Arithmetic) Mean: the sum of measurements divided by 
the total number of measurements

In the population, the mean is defined by the parameter,

𝜇 = ∑ $
%
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%
, 

where the Xi’s refer to the individual values and N refers to 
the total number in the population.



Sample Mean
(Arithmetic) Mean: the sum of measurements divided by 
the total number of measurements

In the sample, the mean is defined by the statistic (M),

M = ∑$
+

, or
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+
, 

but the computation is effectively identical (note: the 
sample mean is often denoted by the symbol X bar, -𝑋



Algebraic Property of the Mean

The mean has an intuitive property such that the sum of 
deviations of each value from the mean will always equal 
zero:

/
012

%

(𝑋0 − -𝑋) = 0

That is, the mean, by definition, finds the point in the 
distribution around which the sum of deviations is zero.
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Quiz 1, M=7 Quiz 2, M=7 

Same Means, Different Story

Source: Lane et al

http://onlinestatbook.com/2/summarizing_distributions/variability.html


From Location to Dispersion

• Central tendency tells 
us what is typical in a 
distribution; measures of 
dispersion tell us how 
meaningful ”typical” is in 
that context

• Dispersion (or spread or
variability) around the 
central tendency

-𝑋



From Location to Dispersion

• Consider that the mean number of hours spent on 
email per week among a random sample of the U.S. 
adult population in 2018 was 7.15 hours.

• What can we conclude from the mean here? What is
illuminating and what is misleading by this story of
central tendency?



From Location to Dispersion

• How, if at all, does your 
conclusion change 
based on viewing the 
entire frequency 
distribution? 

-𝑋 = 7.15



Measuring Spread: Range

• Minimum: smallest 
observed value in the 
distribution

• Maximum: largest 
value

• Range: max - min

The spread of the distribution, as measured by range, indicates 
that U.S. adults in this sample spend anywhere from 0 to 100 
hours per week on email. 



Measuring Spread: Inter-Quartile Range 
(IQR)

• IQR = 75th – 25th

Percentile

The spread of the 
distribution, as measured 
by IQR, indicates that the 
middle 50% of U.S. adults 
in this sample spend 
anywhere from 0 to 10 
hours per week on email.



• How, if at all, does the 
story of email time 
change based on 
viewing the IQR and 
the mean together?

IQR = 10

-𝑋 = 7.15

Measuring Spread: Inter-Quartile Range 
(IQR)



Measuring Spread: Variance
The variance is a ratio that represents the average distance
between the mean and the all observed values in the 
distribution. Formally, in the population, the variance is 
defined by the parameter,

𝜎< = ∑ $0=>
<

%
, 

where the Xi’s refer to the individual values, 𝜇 refers to the 
population mean, and N refers to the total number in the 
population.



Measuring Spread: Variance
The (unbiased) sample variance is defined by the statistic,

𝑠< = ∑ $0=@
<

+=2
, 

where the Xi’s refer to the individual values in the sample,
𝑀 refers to the sample mean, and n refers to the total 
number in the sample.



Unbiased Estimators, or Why (n – 1)?

Source: Physics Helps

Dividing by n underestimates 
the true population variance, 𝜎<

Dividing by n-1 accurately estimates 
the true population variance, 𝜎<

Dividing by n-2 over-estimates the 
true population variance, 𝜎<

https://www.youtube.com/watch?v=igEBZyqwxoM


• For our email variable, 
the sample variance, 
𝑠< = 138.203.

Measuring Spread: Variance

On average, the squared distance between the sample mean, 
M, and the values in our data was 138.203. In the absence of 
a comparison it is difficult to make sense of this. 



-𝑋 = 7.15

Measuring Spread: Variance

𝑛 = 1,419;𝑀 = 7.15

𝑠< =
∑ 𝑋𝑖 − 7.15 2

1,418

𝑠< = 138.203



Measuring Spread: Variance

𝑠< = 138.203 𝑠< = 530.306



Measuring Spread: Standard Deviation
The standard deviation is simply the square root of the
variance. Formally, in the population, the standard 
deviation is defined by the parameter,

𝜎 = ∑ $0=>
<

%
, 

where the Xi’s refer to the individual values, 𝜇 refers to the 
population mean, and N refers to the total number in the 
population.



Sample Standard Deviation
The sample standard deviation is simply the square root
of the sample variance. Formally, in the population, the 
standard deviation is defined by the parameter,

𝑠 = ∑ $0=@
<

+=2
, 

where the Xi’s refer to the individual values, 𝑀 refers to the 
sample mean, and n refers to the total number in the 
sample.



• For our email variable, 
the sample standard 
deviation,  s = 11.756.

Measuring Spread: Standard Deviation



Measuring Spread: Variance

𝑠 = 11.756 s = 23.028



The Shape of a Variable’s Distribution
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Symmetric: the shape of the 
distribution is the same 
about the middle
Ø Later we will explore this 

through the concept of 
normal probability 
distributions



The Shape of a Variable’s Distribution
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Positive skew: tail of the 
distribution stretches 
further into the positive 
values of the distribution 
Ø Also called “skewed 

right”



The Shape of a Variable’s Distribution
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Negative skew: tail of 
the distribution stretches 
further into the negative 
values of the distribution 
Ø Also called “skewed 

left”



Measuring Shape: Skew
Skew essentially refers to the degree to which the 
distribution departs from symmetry. This can be measured 
in multiple ways. Here is one that is intuitive:

M(@NO+ =@NP0O+)
Q

Note here that skew will be 0 when the mean 
and median are the same (i.e., symmetric 
distribution)
• Negative values = skew left (i.e., negative 

skew)
• Positive values = skew right (i.e., positive 

skew)



Measuring Shape: Skew

𝐺2 = 3.00 𝐺2 = 0.294



Measuring Shape: Kurtosis
Kurtosis essentially refers to the degree to which the tails 
contain outliers or not. High levels of kurtosis tend to have 
outliers, low levels of kurtosis tend to have no outliers.

∑ $=> S

QS
− 3 Note here that kurtosis value of 3 is that of a 

normal (i.e., symmetric) distribution. Thus, a 
value of 0 will be considered normal 
• Positive value = heavy tails (outliers)
• Negative value = light tailed (no outliers)



Measuring Shape: Skew

Kurtosis = 11.938
Leptokurtic

Kurtosis = −1.196
Moderately platykurtic



Some (Even Less) Deep Thoughts
1. All of the measures of dispersion discussed require

ranked data, thus none of them are appropriate for 
nominal variables.

2. For ordinal variables, use the range or IQR.
3. For interval/ratio variables, all three are appropriate. 

However, as with the mean, the variance and 
standard deviation are susceptible to outliers. In 
such cases, the IQR may be preferable when 
describing the spread (or all 3 at the same time). 



Group Exercise
1. Form groups of 3 for our descriptive statistics lab
2. Produce written agreements:
• What is the distribution of work for the group members (in-class 

lab; any out-of-class lab work, if needed; writing of report)?
• Do you want the same grade or individual grades? If individual, I

will need to know the exact distribution of work and the
separate writing segments.

3. How will you resolve a case in which someone is not fulfilling their
agreement?

4. What are the expectations regarding communication (e.g., medium 
of communication, expected time to response)



Group Exercise
Complete the following in SPSS for the variable: age
Save all syntax!
• Graph the distribution using a histogram and box plot
• Generate the mean, quartiles, median, mode and interpret 

each
• Generate the range, IQR, and variance and interpret each
• Generate the skew and kurtosis and interpret each


