                       Introducing the notion of random variable  
Think of the following random experiment: We toss two dice (one green and one red) , we write down the result of each one. 
What is the sample space?  S{(1,1),(1.,2)…..((6,6)} How many elements are in the sample space? 36
Maybe I am not interested in exactly which is the outcome that occurs, maybe I am interested only in certain aspect of the outcome, like ‘what is the difference between the two values’  or ‘what is the sum of the two values?’. In that case we define a random variable, a variable which value depends on the outcome of a random experiment. Below you see the list of possible outcomes and the values the two random variables (X and Z) take for each outcome

	        green  red  x=sum  z=difference

   1      1       1      2             0

   2      1       2      3             1

   3      1       3      4             2

   4      1       4      5             3

   5      1       5      6             4

   6      1       6      7             5

   7      2       1      3             1

   8      2       2      4             0

   9      2       3      5             1

  10      2       4      6             2

  11      2       5      7             3

  12      2       6      8             4

  13      3       1      4             2

  14      3       2      5             1

  15      3       3      6             0

  16      3       4      7             1

  17      3       5      8             2

  18      3       6      9             3


	       first  second  x=sum  z=difference

  19      4       1      5             3

  20      4       2      6             2

  21      4       3      7             1

  22      4       4      8             0

  23      4       5      9             1

  24      4       6     10             2

  25      5       1      6             4

  26      5       2      7             3

  27      5       3      8             2

  28      5       4      9             1

  29      5       5     10             0

  30      5       6     11             1

  31      6       1      7             5

  32      6       2      8             4

  33      6       3      9             3

  34      6       4     10             2

  35      6       5     11             1

  36      6       6     12             0




The probability of each outcome is 1/36, now count in how many of those outcomes the sum of the two results is 2, 3,4,……
Then we can summarize list the values that the variable X (or the variable Z or any other variable defined over the sample space), and write the probability of each value. So, we come up with a table that describes the distribution of the random variable (the values of the variable and the probability of each value)
	X
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	P(x)
	1/36
	2/36
	3/36
	4/36
	5/36
	6/36
	5/36
	4/36
	3/36
	2/36
	1/36
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In the same way, we could think of the distribution of the variable Z : absolute value of the difference of the two results
	Z

0

1

2

3

4

5

P(z)

6/36

10/36

8/36

6/36

4/36

2/36

Probability distributions, same as the frequency distributions we learned before, can be symmetric or skewed. 
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2. Mean or ‘expected value’  of a random variable. 

Think that we continue rolling the two dice for ever and ever, what would be the mean (average) value of the sum of the two dice in the very long run? 

[image: image3.wmf])

(

)

(

i

i

x

p

x

X

E

å

=

= 2*1/36+3*2/36+4*3/36+5*4/36+6*5/36+7*6/36+8*5/36+9*4/36+10*3/36+11*2/36+12*1/36=7
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1/36
	2/36
	3/36
	4/36
	5/36
	6/36
	5/36
	4/36
	3/36
	2/36
	1/36


So if we repeat the random experiment of tossing two dice, in the very long run, the average value of the sum of the values in the two dice would be 7. 

Note.- Not only the mean or expected value of a variable can be calculated, also the variance Var(X) could be calculated . An easy way of calculating the variance is :
Var(X)=E(X2)- [E(X)]2  

In the example:
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= 4*1/36+9*2/36+16*3/36+25*4/36+36*5/36+49*6/36+64*5/36+81*4/36+100*3/36+121*2/36+144*1/36=  ?
Complete the calculation and calculate Var(x)=E(X2)-72 =
Exercise : Calculate the mean value E(Z) for the variable Z: difference (in absolute value) of the two outcomes. Show your work:
E(Z)=

Note .- 

Random variables can be discrete or continuous. The sum of the two results when you roll two dice is an example of a discrete random variable because it only takes values 2,3,4….12.
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