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WHAT IS STATISTICS?

• The field of statistics can be divided into two main 
branches. 

• Descriptive statistics is what most people think of when 
they hear the word statistics. It includes the collection, 
presentation, and description of sample data.

• The term inferential statistics refers to the technique of 
interpreting the values resulting from the descriptive 
techniques and making decisions and drawing 
conclusions about the population.
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POPULATION VS. SAMPLE

• Population: The entire group of interest
• Sample: A part of the population selected to draw 

conclusions about the entire population 
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WHAT IS STATISTICS?

• Describing a Population
– It is common practice to use Greek letters when talking 

about a population.

– We call the mean of a population µ.

– We call the standard deviation of a population σ  and the 
variance σ2.

– It is important to know that for a given population there is 
only one true mean and one true standard deviation and 
variance or one true proportion. 

– There is a special name for these values: parameters. 
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WHAT IS STATISTICS?

• Describing a Sample
– We call the mean of a sample 𝑥𝑥.

– We call the standard deviation of a sample s and the 
variance s2.

– There are many different possible samples that could be 
taken from a given population.  For each sample there may 
be a different mean, standard deviation, variance, or 
proportion. 

– There is a special name for these values: statistics. 
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Sample

POPULATION VS SAMPLE

• We use sample statistics to make inference about 
population parameters
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WHAT IS STATISTICS?

• Data The set of values collected from the variable from 
each of the elements that belong to the sample. 
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WHAT IS STATISTICS?

• Qualitative (Categorical) variable: A variable that 
describes or categorizes an element of a population. 

– Nominal variable: A qualitative variable that characterizes an element 
of a population. No ordering. No arithmetic. 

– Ordinal variable: A qualitative variable that incorporates an ordered 
position, or ranking. 

• Quantitative (Numerical) variable: A variable that 
quantifies an element of a population. 

– Discrete variable: A quantitative variable that can assume a countable 
number of values. Gap between successive values. 

– Continuous variable: A quantitative variable that can assume an 
uncountable number of values. Continuum of values. 
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TYPES OF VARIABLES

Examples:

    Numeric    Categorical
Variable  Discrete  Continuous Nominal  Ordinal 

Weight               

Hours Enrolled              

Major

Zip Code
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1. INTRODUCTION:
COMBINATIONAL METHODS
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2. PROBABILITY
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2.4 PROBABILITY OF AN EVENT
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CONDITIONAL PROBABILITY -
INDEPENDENT EVENTS - BAYES RULE
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3. PROBABILITY DISTRIBUTIONS
AND PROBABILITY DENSITIES

• Probability Distributions (Discrete Random Variables)
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3.3 CONTINUOUS RANDOM VARIABLES
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3.5 MULTIVARIATE DISTRIBUTIONS
DISCRETE CASE
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3.5 MULTIVARIATE DISTRIBUTIONS
CONTINUOUS CASE
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3.6 MARGINAL DISTRIBUTION

3.7 Conditional Distribution
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4. MATHEMATICAL EXPECTATION
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BIVARIATE CASE

• Moments
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MOMENTS ABOUT THE MEAN
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4.4 CHEBYSHEV’S THEOREM

• Moment Generating Functions
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INDEPENDENT RANDOM VARIABLES
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COVARIANCE(X,Y)

• var 𝑎𝑎𝑎𝑎 ± 𝑏𝑏𝑏𝑏 = 𝑎𝑎2var 𝑎𝑎 + 𝑏𝑏2var 𝑏𝑏 ± 2𝑎𝑎𝑏𝑏 cov[𝑎𝑎,𝑏𝑏],

where cov 𝑎𝑎,𝑏𝑏 = 𝐸𝐸 𝑎𝑎 − 𝐸𝐸[𝑎𝑎] 𝑏𝑏 − 𝐸𝐸[𝑏𝑏]
 = 𝐸𝐸 𝑎𝑎.𝑏𝑏 − 𝐸𝐸 𝑎𝑎 .𝐸𝐸[𝑏𝑏]

• Conditional Expectation
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CHAPTER 5. 
COMMON DISCRETE DISTRIBUTIONS:

• Discrete Uniform (Wiki)

• Bernouli(Wiki)
• Binomial (Wiki)
• Negative Binomial(Wiki)
• Geometric(Wiki)
• Hypergeometric(Wiki)
• Poisson (Wiki)
• Multinomial(Wiki)
• Multivariate Hypergeometric Distribution

https://en.wikipedia.org/wiki/Uniform_distribution_(discrete)
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Bernoulli_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Binomial_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Negative_binomial_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Geometric_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Hypergeometric_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Poisson_distribution
https://en.wikipedia.org/wiki/Multinomial_distribution


CHAPTER 6. 
COMMON CONTINUOUS DISTRIBUTIONS:

• Uniform
– Wiki

• Exponential 
– Wiki

• Gamma
– Wiki

• Beta
– Wiki

• Weibull
– Wiki

• Cauchy
– Wiki

• Normal (𝜇𝜇=mean, 𝜎𝜎2=variance)
– Wiki

• Bivariate Normal (Wiki)
• Skew Normal (Wiki)

• t (𝜈𝜈=df)
– Wiki

• Chi-Square (𝜈𝜈=df)
– Wiki

• F (𝜈𝜈1=df1, 𝜈𝜈2=df2)
– Wiki

http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Exponential_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Gamma_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Beta_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Weibull_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Cauchy_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Normal_distribution
https://en.wikipedia.org/wiki/Multivariate_normal_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Skew_normal_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Student's_t-distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/Chi-squared_distribution
http://dna.mscsnet.mu.edu:3838/mlab/DistCalc/
https://en.wikipedia.org/wiki/F-distribution


7. FUNCTIONS OF RANDOM VARIABLES

• 7.2 Distribution Function Technique

• 7.3 Transformation Technique: One Variable
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7.4 TRANSFORMATION TECHNIQUE: 
SEVERAL VARIABLES
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7.5 MOMENT-GENERATING FUNCTION 
TECHNIQUE

•ANY QUESTION?
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