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Lecture 2. Data and Terminology

Let's spend some time describing an ideal financial market and the processes inside it, and round out the lecture with a

description  of  the  international  financial  system.  Then  we  can  discuss  what  it  says  it  does,  what  it  really  does,  and

develop some measures to tell when an asset like a stock or a security or something else is doing well, or doing badly.

When  are  you  filthy  rich,  and  when are  you dirt  poor?  These  are  questions  one  might  like  the  theory  and  practice  of

financial markets to answer. 

ü Data

What are the data we see coming from financial markets? Well, let's look at a stock. Here's Apple (AAPL) Computer.

What do we see?

First,  we  see  a  graph  of  the  change  in  the  strike  price  of  the  stock  over  time.  Go  to

http://finance.google.com/finance?q=AAPL. The main chart you'll see here looks something like this:

Figure  1.  A  plot  of  Apple  Computer's  share  price  from  2003---2007.  Source:

http://finance.google.com/finance?q=AAPL, accessed August 12, 2007. 

What we are looking at  is  the 5 year price of Apple Computer's  stock price.  What is  represented on the x axis (going

across horizontally) is time, from 2003 to 2007. What is represented on the y axis (going up vertically) is the price in US

dollars  one  unit  of  Apple's  stock  would  have  cost  you  on  a  particular  day,  hour  and  minute.  Detailed  information  on

graph  reading  can  be  found  here:  http://ucatlas.ucsc.edu/howto/graph.html .  The  figure  above  is  an  example  of  a  line

graph.

A line graph is just one way to give a visual representation of the relationship of financial data that has been collected by

the market. It is made up of a vertical and horizontal axis and a series of points that are connected by a line. Each point

on  the  line  matches  up  with  a  corresponding  vertical  axis  and  horizontal  axis  value  on  the  graph.   Every  value

(represented by a point) from the horizontal axis will find its corresponding value from the vertical axis.  You find the

point  on  the  line  that  matches  the  given  value  from  the  horizontal  axis  and  then  match  it  up  with  its  corresponding

vertical axis value to find the value you are looking for.  You would do the same type of process if you were given a

vertical axis value and needed to find a horizontal axis value. So, for example, if I wanted to know the value of Apple's

stock on the last day of 2005, I'd go to the end of the period marked on the x axis as 2005, and using a ruler or simply

my eye, travel up from that point until I hit the line. Then moving horizontally (right in this example, it can be left), I'd

pick out the price Apple was selling for that day, around $80. This process is shown in figure 2 below.
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A line graph is just one way to give a visual representation of the relationship of financial data that has been collected by

the market. It is made up of a vertical and horizontal axis and a series of points that are connected by a line. Each point

on  the  line  matches  up  with  a  corresponding  vertical  axis  and  horizontal  axis  value  on  the  graph.   Every  value

(represented by a point) from the horizontal axis will find its corresponding value from the vertical axis.  You find the

point  on  the  line  that  matches  the  given  value  from  the  horizontal  axis  and  then  match  it  up  with  its  corresponding

vertical axis value to find the value you are looking for.  You would do the same type of process if you were given a

vertical axis value and needed to find a horizontal axis value. So, for example, if I wanted to know the value of Apple's

stock on the last day of 2005, I'd go to the end of the period marked on the x axis as 2005, and using a ruler or simply

my eye, travel up from that point until I hit the line. Then moving horizontally (right in this example, it can be left), I'd

pick out the price Apple was selling for that day, around $80. This process is shown in figure 2 below.

Figure 2. Reading Apple's share price from the end of 2005. Step 1, go across the x axis until you see the end of 2005.

Then travel straight up until you see the point on the line that represents the price of the stock on that day. Then move

left to see the price that point on the line represents. 

Exercise

Using the above graph, write down at what point in time you think the stock was worth $50. 

Where does this data come from? 

To answer this question, we'll  have to go on a bit  of a round trip journey, coining terms as we go. The first and most

important thing to do is to have some data handy to look at while we're doing this---it  will make the experience more

concrete  for  you.  Go  to  http://www.ise.ie/app/equityDetails.asp?equity=11904.   Go  here,  and  download  the  data  you

find  there.  What  you'll  see  is  a  list  of  numbers  relating information about  a  equity  listed on the  Irish stock exchange:

Bank of Ireland. 
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08/09/2007 12:20Irish Stock Exchange

Page 2 of 2http://www.ise.ie/app/equityDetails.asp?equity=11904

Shares in Issue: * 985,285,020

Turnover: 97,699,381

Shares Traded on Day: 7,502,528

30 Day Beta Coefficient: 1.231

250 day Beta Coefficient: 1.140

Ex-Dividend: No

Ex-Rights Issue: No

Ex-Capitalisation Issue: No

Ex-Entitlement Issue: No

Number of Deals: 678

Free Float: 99.000%

ISEQ® 20 Shares in Index: 985,232,711

ISEQ® 20 Price: 12.920

ISEQ® 20 Weighting: 13.6%

ISEQ® 20 Market Cap: 12,601,910,000

Shares held by ISEQ® 20 Fund Manager: 16,814

ISEQ® 20 Last Chaining Date: 16/09/2005

ISIN Code: IE0030606259

SEDOL Code: 3060625

Xetra Name: Bank of Ireland

MNEM: BIR

Security Type: Ordinary Share

ISEQ® Overall Yes

ISEQ® Financial Yes

ISEQ® General No

ISEQ® Small Cap No

ITEQ® No

ISEQ® 20 Yes

Primary Market: Dual

Market Type: OL

Listing Date: 23/07/2001

Unit Of Quotation: 0.64

Unit of Quotation Currency: EUR

Price Currency: EUR

Last Ex-Dividend Date: 06/06/2007

Status: Listed

Exchange Profile Trading & Regulation Information Products Share Prices & Indices Company Listings Investment Funds Debt Securities

Irish Stock Exchange Limited. Registered in Ireland. No 233947

Registered Office: 28 Anglesea Street, Dublin 2.

Use of this site indicates that you accept the Terms of Use and Privacy Policy

IEX is a market designed primarily for small to mid-sized companies to which a

higher investment risk tends to be attached than to larger or more established

companies. Securities admitted to IEX are subject to the IEX Rules and not the

Listing Rules for officially listed companies.

* excluding treasury shares
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Now, using this as our example text, let's take a trip through the terminology you'll see used in financial economics. 

ü Terminology

The  basic  types  of  financial  assets  are  bond,  stock,  etc  and  derivatives  -  forward,  futures  and  option,  etc.  They  are

categorised into underlying assets and derivative assets.

„ Underlying Assets

The underlying assets can be stocks, bonds, currency, commodities, and other financial assets, or combinations of these.

The  traditional  stock  and  bond  markets  raise  necessary  capital  for  corporations  and  governments,  and  the  foreign

exchange market facilitates international trade and investment. The market,  essentially,  transfers money from one side

of  the  economy---those  who  have  money---to  the  other  side---those  who  want  to  use  that  money  to  make  more.  The

price of this transfer is the interest rate charged. 

„ Stocks

Stocks  represent  the  claim  of  the  owners  of  a  firm.  Stocks  are  issued  by  corporations  and  can  be  traded  in  the  stock

market. Common stock  usually entitles the shareholder to vote in the election of directors and other matters. Preferred

stock  generally does not confer voting rights but it has a prior claim on assets and earnings: dividends must be paid on

preferred stock before any can be paid on common stock. Bank of Ireland, for example, has both preferred and normal

stock, as we can see above. 

„ Bonds

Bonds are issued by anyone who borrows money - firms, governments, etc.  They are fixed-income instruments because

they  promise  to  pay  fixed  sums  of  cash  in  the  future.  Bondholders  have  an  IOU  (I  owe  you)  from the  issuer,  but  no

corporate ownership privileges, as stockholders do. 

„ Derivative Assets

Derivatives are financial instruments that derive their value from the prices of one or more other assets such as stocks,

bonds,  foreign  currencies,  or  commodities.  Derivatives  serve  as  tools  for  managing  risks  associated  with  these

underlying assets.  The  most  common types  of  derivatives  are  options and futures.  We'll  have a  lot  more to  say about

derivatives later on in the course. 

„ Forwards and Futures

A  forward  is  a  financial  contract  in  which  two  parties  agree  to  buy  and  sell  a  certain  amount  of  the  underlying

commodity  or  financial  asset  at  a  prespecified  price  at  a  specified  time in  the  future.  The  specified  time is  called  the

time-to-maturity of the forward contract and the price specified in the contract is called the forward price. 

A futures  contract is a standardised forward contract traded in an exchange. To avoid the shortcomings of the forwards

that each party cannot change his/her mind to reverse the position specified in the contract, in a futures contract, both the

time  to  maturity  and  the  amount  of  the  underlying  asset  to  be  delivered  in  each  contract  are  standardised  so  that  the

futures contract can be traded in a market place. Thus, if one party wants to change position, he/she can buy or sell in

the futures market.

„ Options 

An  option  is  a  financial  contract,  which  provides  the  holder  with  the  right  to  buy  or  sell  a  certain  amount  of  the

underlying  asset  at  a  prespecified  price  at  or  before  a  specified  time  in  the  future.  Similar  to  the  forward  and  futures

contracts, the time specified in an option contract is called the time-to-maturity of the option. The price specified in the

contract is called the exercise price or the strike price of the option. 

Unlike a forward or futures contract, an option contract gives its holder the right, but not the obligation to buy or sell the

underlying asset. The two most common types of options are calls  and puts. A call option is an option to purchase the

underlying asset, while a put option is an option to sell.

Everyone  would  like  to  hold  options  because  they  provide  a  positive  likelihood  for  the  holder  to  make  a  profit.  But

he/she  has  to  pay  the  price.  The  cost  for  this  likelihood  is  the  money  paid  by  the  buyer  of  option  to  the  seller  to

compensate the latter's possible losses. This money is called the premium of the option, or simply the option price.

As an example, let's say you decide to buy a new car. You select a certain type of car, and the dealer tells you that if you

place the order today and place a deposit, then you can take delivery of the car in 3 months time. If in 3 months time the

price  of  the  model  has  decreased  or  increased,  it  doesn't  matter.  When  the  agreement  between  you  and  the  dealer  is

reached,  you  have  entered  into  a  forward  contract:  you  have  the  right  and  also  the  obligation  to  buy  the  car  in  3

months. 
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As an example, let's say you decide to buy a new car. You select a certain type of car, and the dealer tells you that if you

place the order today and place a deposit, then you can take delivery of the car in 3 months time. If in 3 months time the

price  of  the  model  has  decreased  or  increased,  it  doesn't  matter.  When  the  agreement  between  you  and  the  dealer  is

reached,  you  have  entered  into  a  forward  contract:  you  have  the  right  and  also  the  obligation  to  buy  the  car  in  3

months. 

Instead, suppose the car you selected is on offer at $ 30,000 but you must buy it today. You don't have that amount of

cash today and it will take a week to organize a loan. You could offer the dealer a deposit, for example $200, if he will

just  keep  the  car  for  a  week  and  hold  the  price.  During  the  week,  you  might  discover  a  second  dealer  offering  an

identical model for a lower price, then you don't take up your option with the first dealer. At the end of the week the $

200 is the dealer's whether you buy the car, or not. In this case, you have entered an option contract, a call option here.

It means that you have the right to buy the car in a week, but not the obligation. The expiration time is one week from

now, the strike price is $30,000.       

 In  this  example,  for  both  the  forwards and option contracts  described,  delivery of the car  is  for  a  future date and the

prices of the deposit and option are based on the underlying asset - the car.

Another example comes from Aristotle (http://www.cato.org/pubs/pas/pa-283.html).

Aristotle  tells  us  how  the  philosopher  Thalus  profited  handsomely  from  an  option  -  type  agreement  around  the  6  th

century b.c.   According to the story, one - year ahead, Thalus forecast the next olive harvest would be an exceptionally

good one.   As a poor philosopher, he did not have many financial resources at hand. But he used what he had to place a

deposit  on  the  local  olive  presses.    As  nobody  knew  for  certain  whether  the  harvest  would  be  good  or  bad,  Thalus

secured the rights to the presses at a relatively low rate.   When the harvest proved to be bountiful, and so demand for

the presses was high, Thalus charged a high price for their use and reaped a considerable profit.

I.2  Important Financial Concepts

„ Time Value of Money

Time value of money refers to the fact that money in hand today is worth more than the expectation of the same amount

to  be received in  the  future.  Money has  a  time value because of the opportunity to earn interest  or  the cost  of  paying

interest on borrowed capital.

We begin our study of the time value of money with the concept of compounding  -  the process of going from today's

value, or present value (PV ), to future value (FV ). Future value is the amount of money an investment will grow to at

some date in the future by earning interest at some compound rate. If i is the interest rate and n is the number of years,

the future value of a present value is given by:

(1)FV = PVH 1+ i Ln

Calculating the present values of given future amounts is called discounting, the reverse of compounding.    

„ Example

Here's  a  great  example  of  compounding  (http://www.pfadvice.com/2006/01/15/compound-interest-manhattan-the-

indians/):
In  the  early  1600's,  the  American  Indians  sold  an  island,  now  called  Manhattan  in  New  York,  for  various  beads  and  trinkets
worth about $16. Since Manhattan real estate is now some of the most expensive in the world, it would seem at first glance that
the American Indians made a terrible deal. Had the American Indians, however, sold their beads and trinkets, invested their $16
and  received  8  %  compounded  annual  interest,  not  only  would  they  have  enough  money  to  buy  back  all  of  Manhattan,  they
would still have several hundred million dollars left over. That is the power of compound interest over time.

The  most  recent  information  I  could  find  about  the  worth  of  Manhattan  was  from December  26,  2005  stating  that  the  land  in
Central Park (843 acres) was worth $528, 783, 552, 000. Manhattan is approximately 20 square miles in size. 1 square mile =
640 acres, so 20 square miles = 12, 800 acres. Central Park therefore makes up approximately 6.586 % of all Manhattan. This
means 93.414 % of  the value of  Manhattan is  unaccounted for.  We therefore take the $528,  783,  552,  000 and multiply  it  by
15.184 to get a $8, 029, 049, 453, 000 for the total land value of Manhattan (that! s approximately $8 trillion).

The exact date of the purchase was 1626, or 380 years ago. If I use the $16 that the shoe manual said the beads and trinkets
were worth at 8 % (assuming monthly compounding), the result comes to $230, 599, 491, 667, 000 which is a whopping $222
trillion more than the current value of Manhattan. If we use a more conservative 5 % compounded interest, however, the result
comes to only $2,  745, 186, 908 or some $8 trillion less than the current worth of Manhattan (which goes to show that a few
percentage points over 380 years is a big deal).

The time-value-of -money concept provides a tool for making investment decisions. The most common decision rule is

the net- present- value ( NPV ) rule, which is a way of comparing the value of money now with the value of money in

the future. The NPV is the difference between the present value of all future cash inflows minus the present value of all

investments. The rule says that accept any project if its NPV is positive; reject a project if its NPV is negative.
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„ Example. 

Asset priced at !1 today is held for 30 years giving off a stream of interest payments at 7%. What is the present value of

this stock?

PV =
1

0.07
 1 -

1

1.07
29

12.2777

Adding this to the money paid today (PV+Principal) gives the final result: 13.277.

„ Exercise

An asset is priced at !2 today, to be held for 10 year giving off a stream of interest payments at 6%. What is the present

value of this stock?

„ Risk and Return

In  the  most  basic  sense,  risk  can  be  defined  as  the  chance  of  financial  loss  or  gain.  More  formally,  risk  can  be

considered  as  the  variability  of  returns  associated  with  a  given  asset.  Most  financial  decision-makers  are  risk-averse

because they require higher expected returns as compensation for taking greater risk.

Risk can be assessed from a behavioral point of view using sensitivity analysis and probability distributions. 

Sensitivity analysis uses the range of estimated return to obtain a sense of the variability among outcomes. The greater

the  range  for  a  given  asset,  the  more  variability,  or  risk,  it  is  said  to  have.  Although the  use  of  sensitivity  analysis  is

rather crude, it does provide decision-makers with a feel for the behavior of returns. This behavioral insight can be used

to assess roughly the risk involved. 

In addition to the range, the risk of an asset can be measured quantitatively using statistics.

Probability distributions of outcome provide a more quantitative, yet behavioral,  insight into an asset's risk.   Here we

consider  two  statistics:  the  standard  deviation,  s,  and  the  coefficient  of  variation  CV,  which  measures  the  dispersion

around the expected value of a return k .                               

(2)k = ‚
i=1

n

ki µ pi

where                                                             ki= return for the ith outcome

                                                                       pi= probability of occurrence of the ith outcome

                                                                        n = number of outcomes considered   

(3)s = ‚
i=1

n

I ki - k M2 µ pi

(4)
CV = sk ê k

The two statistics can be used to measure the risk (i.e., variability) of asset returns. In general, the higher the standard

deviation and the coefficient of variation, the greater the risk.

The  return  on  a  portfolio  is  calculated  as  a  weighted  average  of  the  returns  on  the  individual  assets  from which  it  is

formed.  Letting  w jequals  the  proportion  of  the  portfolio's  total  dollar  value  represented  by  asset  j,  and  k jequals  the

return on asset j, the portfolio return, kpis
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(5)kp = Hw1 µ k1L + Hw2 µ k2L + ! + Hwn µ knL = ‚
j=0

n

w j µ k j

„ Valuation

Asset valuation is the process of estimating how much an asset is worth, and is at the heart of much of financial decision-

making. 

The book value of an asset or a liability as reported in a firm's financial statements often differs from its current market

value. In making most financial decisions, it is a good idea to start by assuming that for assets that are bought and sold

in  competitive  markets,  price  is  a  pretty  accurate  reflection  of  fundamental  value.  This  assumption  is  generally

warranted  precisely  because  there  are  many  well-informed  professionals  looking  for  mispriced  assets  who  profit  by

eliminating  discrepancies  between  the  market  prices  and  the  fundamental  values  of  assets.  This  process  is  called

arbitrage, the purchase and immediate sale of equivalent assets in order to earn a sure profit from a difference in their

prices. 

Valuation  process  links  risk  and  return  to  determine  the  worth  of  an  asset.  The  key  inputs  to  the  valuation  process

include cash flows (returns), timing, and the required return (risk compensation). 

Because risk describes the chance that an expected outcome will not be realised, the level of risk associated with a given

cash flow can significantly affect its value. In general, the greater the risk of a cash flow, the lower its value. Turning to

the opposite point of view, to compensate the risk, the holders of the assets require greater return rate, or discount rate in

terms of present value calculation. 

Here we'll show the basic valuation model. 

Simply  stated,  the  value  of  any  asset  is  the  present  value  of  all  future  cash  flows  it  is  expected  to  provide  over  the

relevant time period. The value of an asset is therefore determined by discounting the expected cash flows back to their

present value, using the required return as the appropriate discount rate. Utilizing the present value techniques, we can

express the value of any asset at time zero, V0, as 

(6)V0 =
CF1

H 1 + k L
1

+
CF2

H 1 + k L
2

+ ! +
CFn

H 1 + k L
n

                                                  

where                                                       V0 = value of the asset at time zero

                                                                  CFt= cash flow expected at the end of year t 

                                                                  k = appropriate required return (discount rate)  

                                                                  n = relevant time period   

 The principle of this basic valuation model can be applied into the valuation of bond and stock:

„ Bond Valuation

Bonds are long-term debt instruments used by business and government to raise large sums of money, typically from a

diverse group of lenders. The value of a bond is the present value of the contractual payments its issuer is obligated to

make  from  the  current  time  until  it  matures.  The  appropriate  discount  rate  would  be  the  required  return,  kb,  which

depends on prevailing interest rates and risk. The basic equation for the value, B0, of a bond is given by

(7)B0 = I µ B‚
t=1

n
1

H1 + kbL
t

F + M µ B
1

H1 + kbL
n
F

where                                                          B0= value of the bond at time zero

                                                                     I = annual interest 

                                                                     n = number of years to maturity

                                                                    M = par value of the bond

                                                                    kb= required return on a bond

The value of a bond in the marketplace is rarely equal to its par value. A variety of forces in the economy as well as the

passage  of  time  tend  to  affect  value,  which  are  really  in  no  way  controlled  by  bond  issuer  or  investors.  When  the

required return is greater than the interest rate on the bond, the bond value will be less than its par value. In this case, the

bond is said to be sold at a discount. On the other hand, when the required return falls below the coupon interest rate, the

bond value will be greater than par. In this situation the bond is said to be sold at a premium.
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The value of a bond in the marketplace is rarely equal to its par value. A variety of forces in the economy as well as the

passage  of  time  tend  to  affect  value,  which  are  really  in  no  way  controlled  by  bond  issuer  or  investors.  When  the

required return is greater than the interest rate on the bond, the bond value will be less than its par value. In this case, the

bond is said to be sold at a discount. On the other hand, when the required return falls below the coupon interest rate, the

bond value will be greater than par. In this situation the bond is said to be sold at a premium.

ü Common Stock Valuation

Like bonds,  the  value of  a  share  of  common stock is  equal  to the present  value of all  future benefits  it  is  expected to

provide. Simply stated, the value of a share of common stock is equal to the present value of all  future dividends it  is

expected to provide over an infinite time horizon:

       

                                                         S0 =
D1

H 1+ ks L
1
+

D2

H 1+ ks L
2
+!+

D¶

H 1+ ks L
¶

where                                                      S0= value of common stock at time zero

                                                                Dt= per share dividend expected at the end of year t  

                                                                ks = required return on a common stock   

From the  formula,  we can  see  that  any  action of  increasing the  level  of  expected return without  changing risk should

increase share value, and vice versa. Similarly, any action that increases risk (required return) will reduce share value,

and vice versa. 

Total Return on an Asset

The total return (R) on an asset,  is the ration of the amount received, say X1 to the amount invested, X0.

R = 
X1

X0
.

„ Example

We buy stock for !100, and it's worth !90 one year later. The total retun is then 

R = 90/100 = 0.9

Usually we can say that the minimum value of R is 0. This is because of Rates of Return.

Rates of Return

The Rate of Return is the change in th relative to the initial value, 

r = 
X1-X0

X0
.

From this formula, it follows that 

R = 1 + r

Taking our example above, it's obvious that r = 0.1.

„ Example

What is the amount of interest you will earn on a bond costing !100 paying 3% interest, expressed as a rate of return?

r =
100. - 97

97

0.0309278
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ü Random Variables

Suppose X is  a  random quantity that can take on a number of values discretely,  say X = 8x1, x2, x3, ..., xn<,  and these

values occur with frequency probabilities p1, p2, p3, ... pn.As this is a finance course, it  should be pretty obvious that

these n diferent outcomes are all the possible states of nature of the system we're going to allow. The expected value of

Xis

(8)EHXL = ‚
i=1

n

pi xi.

We can show that for any constants, a and b, and assuming two independent distributions X and Y ,

(9)EHaX + bYL = aEHXL + bEHY L.

„ Expected Return

We denot the expected return on an asset by

(10)EHriL = ri.

„ Portfolio

A portfolio is just a collection of assets. People normally hold more than one risky asset, and we can look at the returns

to each asset individually, or as the weighted sum of these assets times their risk. Each weight w of each asset i gives the

fraction of your wealth you spend on maintaining asset i in your portfolio. 

Let the 'total risk' of the portfolio be given by rp.Then

(11)rp = w1 r1 + w2 r2 + ... + wn rn = ‚
i=1

n

wi ri.

These portfolio weights must sum to one: ⁄i=i
n

wi = 1.

It is possible to have negative weights on some of your assets by leveraging: borrowing a risk free asset to buy another,

possibly  risky,  asset.  This  brings us  rapidly to the concept (and practice)  of  shorting sales:  you sell  stock  you do not

own in the expectation of a price fall. 

The payoff to selling short is the opposite of a long position. A short seller will make money if the stock goes down in

price, while a long position makes money when the stock goes up. The profit that the investor receives is equal to the

value of the sold borrowed shares less the cost of repurchasing the borrowed shares.

„ Example

Suppose 1,  000 shares are short sold by an investor at !25 apiece and !25,000 is then put into that investor's account.

Let's say the shares fall to !20 and the investor closes out the position. To close out the position, the investor will need

to purchase 1,000 shares at !20 each (!20,000). The investor captures the difference between the amount that he or she

receives from the short sale and the amount that was paid to close the position, or !5,000. 

Mean, Variance and Covariance

The mean of a set of numbers is the sum of each observation divided by the number of observations. 

Example. 

You are given a sequence of numbers, {1, 2, 5, 7, 99, 22, 86, 1, 2, 22, 67, 9}. What is the mean of this sequence? 

The mean is the sum (denoted by the greek term sigma, ⁄L of the observations, divided by the number of observations,

so we have

N@H1 + 2 + 5 + 7 + 99 + 22 + 86 + 1 + 2 + 22 + 67 + 9 Lê 12D

26.9167

The general equation for the mean is
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(12)‚
i=1

n xi

n

The variance is the amount of movement about the mean of a random variable. We'll have lots more to say about what

random means in this sense in the next lecture. The idea is to get the expect value of the deviations around the mean and

square them to remove any negative terms, because we'd lose their influence if we didn't get rid of them.  

The variance of the above set of number is 

HH1 - 26.9L^2 +

H2 - 26.9L^2 + H5 - 29.9L^

2 + H7 - 26.9L^2 +

H99 - 26.9L^2 +

H22 - 26.9L^2 +

H86 - 26.9L^2 +

H1 - 26.9L^2 + H2 - 26.9L^

2 + H22 - 26.9L^2 +

H67 - 26.9L^2 +

H9 - 26.9L^2Lê12

1188.78

The variance of the set of numbers X (Var(X)) is best described in this setting by 

(13)Var HXL =
1

N
 ‚
i=1

N

Hxi - xL,

Where X is the set of values, X = 8x1, x2, ..., xn<, x  is the mean we just calculated, and xi is the individual observation.

Often we'll  see the standard deviation  used as  a  measure of spreadoutness---the standard deviation is  just  the square

root of the variance. 

„ Exercise

Let Z = 825, 26, 27, 28, 29, 30, 1, 2, 3, 5<. Calculate the mean, variance, and standard deviation of Z. 

We obtain the covariance---or comovement---of two series of numbers by taking into account the effect of one series on

the  other.  We  see  a  measure  of  the  strength  of  the  supposed  relationship  between  two  variables

(http://mathworld.wolfram.com/Covariance.html). 

Say  we  have  two series  of  numbers,  X  and  Y .  Let  X =  (2,  4,  6,  8,  10)  and  Y = {1,  3,  5,  7,  9,  11}.  We calculate  the

covariance by first computing the means of X and Y, and then following the equation below:

(14)Cov HX, Y L = ‚
i=1

N Hxi - xL Hyi - yL
N

So we have 

H2 + 4 + 6 + 8 + 10Lê5

6

H1 + 3 + 5 + 7 + 9 + 11Lê6

6

Now compute
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N@

HH2 - 6L*H1 - 6L + H4 - 6L*H3 - 6L + H6 - 6L*H5 - 6L + H8 - 6L*H7 - 6L +

H10 - 6L*H11 - 6LLê11D

4.36364

„ Exercise

Calculate  the  covariance  of  these  two  series,  A  and  B.  A = 820, 30, 40, 50 , 60<, B = 8-20, -30, -40, -50, -60<.
How do you think the answer would change if -30 became -25? Why?
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