INTRODUCTION TO STATISTICS

Before attempting Finance, you are expected to have a sound knowledge of elementary statistics.  

If you have forgotten most/some of the material, please click here and/or here for a thorough revision.  Enjoy!

 (http://davidmlane.com/hyperstat/index.html and http://www.psychstat.smsu.edu/sbk00.htm)

______________________________________________________________________________________

Definition: Descriptive Statistics

Tools and procedures used to summarize data.

Definition: Frequency Histogram

A diagram showing the number of observations that are in various classes.

Definition: Relative Frequency Histogram

Similar to frequency histogram, except it shows the percentage of observations in each class.

Remark: Other Frequently Used Diagrams:*

· Ogive 

· Stem and Leaf Display

· Pie Chart

· Bar Chart

· Line Chart (time series plot)

Definition: Parameters

Descriptive measures of a population.

( We use ( (“theta”) as a generic symbol to represent a parameter.

Definition: Statistics

Descriptive measures of a sample.

Population (size = N)
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( We use 

 (“theta hat”) as a generic symbol to represent a statistic.

( Statistics are often used to estimate parameters.

Definition: Central Tendency (Central Location)

The central point of the data.

( Measures of Central Tendency:


Mean


Median


Mode

Definition: Population Mean (

)




· 

 is a population parameter.

· A measure of central tendency for a population.

· Also known as the “expected value” of the population, E(x).

· Also known as the “first moment” of the population.

· Also known as arithmetic mean of the population

· Also known as the average of the population

· 

 need not be an observable value in the population.

· 

 is only meaningful for quantitative data.

· 

is the balancing point of the histogram.

Theorems: Properties of the Expected Value Operator

( If x and y represent values in one or more populations, and c is a constant:


E(x+c) = E(x) + c


E(cx) = cE(x)


E(x+y) = E(x) + E(y)


E(xy) may, or may not, be equal to E(x)E(y)

Definition: Sample Mean (

)



( 

 is a sample statistic.

( A measure of central tendency for a sample.

( Also known as the “first moment” of the sample.

( 

 need not be an observed value in the sample.

( 

 is only meaningful for quantitative data.

Definition: Median (Md or m)

The middle value in a population or sample.  It satisfies the requirements that no more than half of the observations are above the median, and no more than half are below.

( May be calculated for a population or a sample.

( A measure of central tendency for the population or sample.

( When the data is sorted into ascending order, the median is at position .5(N+1) for the population median, (or .5(n+1) for the sample median). If .5(N+1) is not an integer, the median is the average of the values in positions .5N and .5(N+2).

( Md need not be an observed value in the population or sample.

( Md is not meaningful for unordered qualitative data.

Definition: Mode (Mo)

The most frequently occurring value in a population or sample.

( May be calculated for a population or a sample.

( A measure of central tendency for the population or sample.

( A distribution may have more than one mode (in case of a tie).

( A distribution with two modes is called bimodal.

( Mo must be an observed value in the population or sample.

( Mo is meaningful for all types of data.
Definition: Skew

The skew of a population or sample indicates the relative placements of the mean, median and mode.

( Skewed left is sometimes described as negative skew.

( Skewed right is sometimes described as positive skew.

( There are several numerical measures of skew.

Remark:  Advantages of each measure of central tendency
( The mode is useful because it is the only measure that has meaning for nominal data.

( The median is especially useful for skewed data, such as financial returns.

( The mean is the most used location measure in finance.

Definition: Variability (volatility)

The amount of dispersion in the data.

( Measures of Variability and Dispersion:


Range


Percentiles


Variance


Standard Deviation

Definition: Range

The absolute difference between the largest and smallest value.

( May be calculated for a population or a sample.

( Only meaningful for quantitative data.

( Range has some drawbacks as a measure of variability

Definition: Percentiles
The p%-tile satisfies the condition that no more than p% of the observations are below the p%-tile, and no more than (1-p)% of the observations are above.

( The p%-tile may be calculated for a population or a sample.

( When the data is sorted into ascending order, the p%-tile is at position p(N+1) for the population, (or p(n+1) for the sample).  If p(N+1) is not an integer, interpolate.

( The p%-tile is not meaningful for nominal data.

( The 50%-tile is the same as the median.

( The 25%-tile, 50%-tile and 75%-tile are sometimes called the quartiles.
Definition: Population Variance (

 or Var(x))




(  

 is a population parameter.

(  

 is a measure of the population’s variability.

(  

 is only meaningful for quantitative data.

( 

 is sometimes called the second, centered, moment of the population.

( 

 ( 0

( 
[image: image1.wmf](

)

å

m

-

=

N

1

i

2

x

i

x

 is sometimes called the sum of squared deviations.

( 

 will be larger for a population with many observations far from the mean.

(  If x and y represent values in one or more populations, and c is a constant:






Var(x+c) = Var(x)


Var(x+y) may, or may not, equal Var(x)+Var(y)


Var(xy) may, or may not, equal Var(x)Var(y)

Definition: Sample Variance (

)




(  

 is a sample statistic.

(  

 is a measure of the sample’s variability.

(  

 is only meaningful for quantitative data.

( 

 will be larger for a sample with many observations far from the mean.

(  

 ( 0

Definition: Standard Deviation
For a population or sample, the standard deviation is the square root of the variance.

(  Use the symbol 

 for the population standard deviation, and the symbol 

 for the sample standard deviation.

( The standard deviation is a measure of the population or sample’s variability.

(  The standard deviation is only meaningful for quantitative data.

(  The standard deviation will be larger for a population or sample with many observations far from the mean.

( 

 and 

 ( 0.

( The unit of measurement for 

 will be the same as the original data.

Theorem: Tchebysheff’s Theorem
If:  


Then:  At least 

 of the observations in a population or sample will lie within k standard deviations of the mean.

( At least 3/4 of all observations must lie within 2 standard deviations of the mean.  

( At least 8/9 of all observations must lie within 3 standard deviations of the mean.

Theorem:  The Empirical Rule

If: The population or sample is approximately bell shaped (normally distributed).

Then:
About 68% of the observations will lie within 1 standard deviation of the mean.

About 95% of the observations will lie within 2 standard deviations of the mean.

About 99% of the observations will lie within 3 standard deviations of the mean.

Definition: The Coefficient of Variation (CV)

The coefficient of variation is a measure of a population or sample’s relative variability.

Population 


Sample 


( CV is independent of units of measurement.

Remark: Shortcut methods for calculating Sum of Squared Deviations.
(i) 


and

(ii) 


Proof of (ii):
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Remark: Excel Output for Descriptive Statistics
(use “function” or “tools”)

	x

	
	

	Mean
	50.125

	Standard Error
	9.164055364

	Median
	48.5

	Mode
	#N/A

	Standard Deviation
	25.91986276

	Sample Variance
	671.8392857

	Kurtosis
	-0.311144745

	Skewness
	-0.349063715

	Range
	80

	Minimum
	6

	Maximum
	86

	Sum
	401

	Count
	8


Definition: Probability Statements For Continuous Random Variables
For a continuous random variable, Pr(x = any number) ( 0.  Thus p(x) has no meaning.

Definition: Probability Density Function
A function describing the distribution of a continuous random variable.  It must satisfy the following conditions:

( f(x) ( 0 for all values of x

( the area under the f(x) function must equal one.






( The probability that x is between two numbers can be found by calculating the area under the curve, between the two numbers.








Remark: Probability Statements with Continuous Random Variables
Because Pr(x = any number) ( 0, there is no meaningful difference between Pr(a ( x ( b) and Pr(a < x < b).

Remark: Mean and Variance of a Continuous Random Variable
· 
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Remark: Interpreting f(x).

The probability that x is between two numbers can be found by calculating the area under the curve, between the two numbers.  This area will be larger when f(x) is large.  Thus, the relative height of f(x) gives an indication of the relative likelihood that x will be close to any given number.

Definition: The Uniform Distribution
( A  Uniform variable can take on real values a through b and between these bounds, x is equally likely to fall in any range.

( We say x ~ U(a,b)

( 






(  


( 


( 


Definition: The Exponential Distribution

( If some process satisfies the requirements of the Poisson Distribution, and we define x to be the waiting time until the next event occurs, x is distributed Exponential.

( x can take on any real number greater than or equal to zero.

( 


(  


( 


( See page 212 for examples.

( 

 (a ( 0)

Definition: The Normal Distribution

( The Normal distribution is a special, bell-shaped, symmetric distribution with mean (x  and variance (x2.

( x can take on any real number between -( and (.

( We say x ~ N((x ,(x2).

( 
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( (x  is also the median of x.

( See pages 262-263 for diagrams.

( Increasing (x (without changing (x2) shifts distribution to right without affecting shape.

( Increasing  (x2 increases thickness of tails, and reduces that of the center without affecting the location of the center.

Theorem: Adding a constant to a Normal Variable

If:
x ~ N((x ,(x2).


c is a constant

Then:
x +c ~ N((x+c ,(x2).

Theorem: Multiplying a Normal Variable by a Constant

If:
x ~ N((x ,(x2).


c is a constant

Then:
cx ~ N(c(x ,c2(x2).

Definition: The Standard Normal Random Variable (z).
The Standard Normal variable satisfies z ~ N(0,1).

( z can take on any real number between -( and (.

( 


Theorem: Standardizing Normal Variables

If:
x ~ N((x ,(x2)

Then:


  ~ z

Definition: Critical Values

If  0 < c < .5, we define the critical value, zc to be the number that satisfies:

Pr(z > zc) = c













-END-
f(x)





x





Area = 1





Area = Pr(a(x(b)





f(x)





b





a








f(x)





b





a





x








PAGE  
Norman Cheung
9
Introduction to Statistics

_924595733.unknown

_924599147.unknown

_945705959.unknown

_990448775.unknown

_990448835.unknown

_969439325.unknown

_979650758.unknown

_927115830.unknown

_927116199.unknown

_927116713.unknown

_927364760.unknown

_927365780.unknown

_927116714.unknown

_927116712.unknown

_927116711.unknown

_927115896.unknown

_927113684.unknown

_927113805.unknown

_924599808.unknown

_926761902.unknown

_924596870.unknown

_924597458.unknown

_924598605.unknown

_924598905.unknown

_924597792.unknown

_924597071.unknown

_924597128.unknown

_924596906.unknown

_924596131.unknown

_924596752.unknown

_924596800.unknown

_924596132.unknown

_924595815.unknown

_924596129.unknown

_924588654.unknown

_924594994.unknown

_924595504.unknown

_924595523.unknown

_924595594.unknown

_924595085.unknown

_924588883.unknown

_924589043.unknown

_924588801.unknown

_924588843.unknown

_924588092.unknown

_924588363.unknown

_924588376.unknown

_924588653.unknown

_924588272.unknown

_924526550.unknown

_924526584.unknown

_924525386.unknown

