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Estimation: 

central tendency



Variables and Hypothesis Testing
Testing hypotheses requires making predictions                          
and taking measurements of different variables

Often, the goal is to measure the response of one                 
variable to an experimental change in other variables 

Independent                                 Dependent
Variable denotes the cause 
(the driver of the pattern)

Variable denotes the effect
(responds to the driver)

Termed: predictor variable Termed: outcome variable

Examples: 

Dependent: Ant Nest Density       Independent: Habitat 
Dependent: Probability of Injury   Independent: # Stories



Variables

Definition: Anything that can be measured and 
(potentially)  can differ across entities or over time 



1.2.2 Types of Variables



Numerical Variables:     Categorical Variables:      

1.2.2 Types of Variables

Variable takes on 
different categories            
(e.g., eye color, state)

Variable takes  on numerical 
values (e.g., ant nests, length)

Can be ordered and 
ranked (ordinal variables)

Can be ordered and ranked

Subclasses: 
- Ordinal: Ordered 
-(first, second, third…)

- Nominal: Unordered 

Subclasses:
-Discrete: few possible values 
(integers)
- Continuous: Measurements 
take any value within range



Interval Variables:       Ratio Variables:      

Continuous Variables

Differences in one unit of 
measurement equal along 
entire measurement scale 

Differences in one unit of 
measurement equal along 
entire  measurement scale

There is a real zero value

e.g., Salinity, Moneye.g., Temperature (deg. C)



Summarizing Measurements

Simplest way to summarize observations:  Make a list  

red, red, blue, green, red, blue, yellow, yellow, red, green
1.3, 1.5, 2.2, 1.1, 1.0. 1.4. 1.7

Frequency Table                      Frequency Distribution        

Color Frequency Rel. Freq.

Red 4 0.4

Yellow 2 0.2

Green 2 0.2

Blue 2 0.2
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Summarizing Data Using Figures

Frequency Distributions (Histograms) facilitate the 
summarization of categorical and numerical data 

Important features of frequency distributions:

Range:  

Maximum – Minimum

Beware of Bins:  

X axis Categories



Quantifying Distributions
Several metrics characterize shape of distributions 

Mode:  Most numerous 
observation(s)

Beware of Bins:  

X axis Categories

Note: 
Distributions can have       
multiple modes, or none

Uni–modal:  one mode
Bi-modal:  two modes
Multi–modal: > 2 modes



Quantifying Distributions
Several metrics characterize shape of distributions 

Median:  Mid-point of the 
distribution (50%)

Note: 
All distributions have 
only one median

What are the medians                   
of dist1 and dist2, below? 

dist1: 1,  2,  3,  4,  5

dist2: 1,  2,  3,  4,  50

Percentiles:  Distributions are 
characterized using certain 
percentages of observations

(e.g., 25%, 50%, 75%)



Quantifying Distributions
Several metrics characterize shape of distributions 

Mean:  The average of the 
scores in the distribution

What are the means of                   
dist1 and dist2, below? 

dist1: 1,  2,  3,  4,  5

mean1:  15 / 5 = 3

dist2: 1,  2,  3,  4,  50

mean2: 60 / 5 = 12
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The Arithmetic Mean
Using the mean to summarize the observations:

Mean:  The average of the 
scores in the distribution

Does the estimated sample 
mean (“X-bar”) relate to the 
actual population mean (µ)? 

Our estimate will be an 
unbiased estimator of µ if 
three conditions are met: n
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1. Observations taken from randomly selected individuals                     
(from the biological population)

2. Observations are independent from each other
3. Observations taken from a biological population that 

follows a normal random variable (normally distributed)



The Normal Distribution
Many population variables follow a normal distribution

Properties:  symmetrical, mode = mean = median 

mass of distribution follows specific “shape”

The average of              
this distribution               
is the mean, µ

Shape of 
distribution 
determined by             
how observations 
spread about µ

Spread based on σ



Quantifying Distributions
Formulas for skewness and kurtosis: 



Quantifying Distributions
Distribution shapes categorized by symmetry  (skew)

Skew:  Measure of the symmetry of a distribution.  

Symmetric distributions have a skew = 0.  

Negative skew:  
the mean is smaller        
than the median,
skewness < 0

Positive skew:  
the mean is larger            
than the median, 
skewness > 0



Quantifying Distributions
Distribution shapes categorized by kurtosis

Kurtosis:  Measure of the degree to which observations 
cluster in the tails or the center of the distribution.  

Positive kurtosis:
Less values in tails and 
more values close to mean.  
Leptokurtic. 

Negative kurtosis:
More values in tails and 
less values close to mean.
Platykurtic. 



The Arithmetic Mean
Note: The mean is a statistical model of the data

(but the mean value may not occur in dataset)

Observations: Mean: 

Sample1:             1, 2, 3, 4              (1+2+3+4) / 4 = 2.5

Sample2:            0, 1, 2, 7              (0+1+2+7) / 4 = 2.5

Which of these two samples is less variable ?  



Data Series 1:  1,2,3,4               Data Series 2:  0,1,2,7

Mean  S1:                                       Mean S2:
2.5 2.5      

Variance S1:                                 Variance S2:
5 / 3 = 1.7 29 / 3 = 9.7

Variance = sum of squared deviations from mean                          

degrees of freedom  

Estimating Variability



The Mean & The Variance 
Variance =      sum of squared deviations from mean                          

degrees of freedom  

Value Deviation
Squared 
Deviation

1 -1.5 2.25
2 -0.5 0.25
3 +0.5 0.25
4 +1.5 2.25

Sum 0 5

Variance = 5 / 3 = 1.7

Sample 1

Observation
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The Mean & The Variance 
Variance =      sum of squared deviations from mean                          

degrees of freedom  

Value Deviation
Squared 
Deviation

0 -2.5 6.25
1 -1.5 2.25
2 -0.5 0.25
7 +4.5 20.25

Sum 0 29

Variance = 29 / 3 = 9.7

Sample 2

Observation
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V
a

lu
e

0

1

2

3

4

5

6

7

8

Mean = 2.5



Why Use n – 1 to Calculate Variance ? 

Variance = sum of squared deviations from mean                          

degrees of freedom  

Two realisations:

1. We are calculating statistics from a sample, 
rather than from the entire population

2. The observations in the sample are used to 
calculate the mean first, then the variance 

Calculating the mean diminishes our degrees of 
freedom from n (observations in sample) to n-1.



Degrees of Freedom
Purple 

Flower 

Red 

Flower 

Totals

Green 

Seed

50

Yellow 

Seed

50

Totals 50 50 100

50 0

0 50

Definition:  Number of entities that are “free” to 
vary when estimating some statistical parameter. 

Why they Matter?  Determine the shape of the 
probability distribution for many test statistics.



Degrees of Freedom

Number of elements in the set (i.e. how many 
observations there are)  minus the number of 
different pieces of information you must know                
about the set to complete the calculation. 

Consider a set of n = 5 numbers.  In the absence of 
any information  about them, all five are 'free' to 
range from minus infinity and plus infinity. 

Suppose, however, you are also told that the sum of 
the set is 20. Now, only 4 of the numbers are 'free' 
and the last one is fixed by your knowledge of the 
total.  Hence, there are 4 degrees of freedom. 



Degrees of Freedom

Note that it does not matter which 4 numbers            
are “fixed” first, the final one can always                
be determined from the total.  

Similarly, if there is a set (or sample) of 4            
numbers that have a known mean (2.5) and a 
variance (1.7); only 2 of the numbers are free                  
(there are two degrees of freedom). 

Why? Because once 2 members of the set                         
are  known, the others are inevitable …                              
given the mean and variance.



Calculating the Variance 

Variance = sum of squared deviations from mean                          

degrees of freedom  

Reminder - Main goal of statistical sampling:

We calculate statistics 
from a sample, rather 
than from entire population

But, if the sampling is 
representative, we can 
make inferences about 
the entire population



Describing Distributions

Mean =  2.5

Variance = 1.7   

But …
what are the units?

(goals + goals + … goals) 

(goals – mean_goals) ^2



Describing Distributions

Standard 
Deviation =  Square root of the variance 

The Standard Deviation does two things for us:

1. Allows us to summarize central tendency (location) 
and the variation (spread) in any sample using same 
units:  mean +/- S.D.    (Note: CV = S.D. / mean)

2. Unlocks the ability to estimate population frequency 
distributions using assumption of normality  



In a normal distribution:

• ~ 68% observations within 1 standard deviation of mean

• ~ 96% within 2 standard deviations

• ~ 99% within 3 standard deviations

Parametric statistical
methods require that
numerical variables
approximate a normal
distribution.  

They compare the  
means & S.D.s

68%

96%

99%

Normal Distributions as Criteria 



Normal Distributions as Criteria 

Kurtosis:  Measure of the degree to which observations 
cluster in the tails or the center of the distribution.  

The ideal shape of the normal distribution is used as 
the criterion for determining whether any frequency 
distribution has positive or negative kurtosis.

What is the baseline value for normal distributions?   0



The Power of Normal Distributions

Data Series1:  1,2,3,4      Data Series2:  0,1,2,7

Variance 1:                                 Variance 2:
1.7 9.7

Why use the S.D.? 

S.D. 1:                                         S.D. 2:
1.3 3.1

S. D.:  Square Root of Variance

“Standardized” measure of dispersion about the mean 
used to describe central tendency (mean +/- SD)  (CV)

Allows prediction of the                                              
actual distribution of 
observations in a sample



Next Step: Going Beyond the Data

Sampling allows us to guess about population parameters

However, different samples from the same population will 
differ…  due to random variation (inherent in sampling) 

Therefore, it is critical to assess how well any given sample 
represents the population.  

To do this, we use the Standard Error (S.E.)

S.E. :  Standard Deviation / Sqrt (N)



What do I Want You to Know

Defining Variables

Influence how we measure / quantify observations

Memorize important definitions 

Characterizing Variables

Use frequency tables and distributions

Distributions characterized with certain metrics:

range, median, mean, mode, skew, kurtosis 

Memorize important definitions 

Quantifying Probability

Consider sample space and conditional probability

Be ready to perform calculations like in examples 



Measures of central tendency (location)  
describe where majority of the observations  
are found in the frequency distribution

Measures of spread describe how variable the 
observations are, about the central location

e.g., Mode, Median, Mean

e.g., Variance, Standard Deviation, IQ Range

Information about shape of the frequency 
distribution is critical for estimation.    

We use two types of summary statistics:

Summary – Statistical Estimation



Summary - Statistical Models

Reminder - Main goal of statistical sampling:

Calculate parameters
from a sample, rather 
than from entire population

With representative 
sampling, we can make 
inferences about the 
entire population

Normal distributions allow to develop inferences, 
and to build uncertainty around estimates with CIs


