MATH 116  ACTIVITY 8:
The binomial and near-binomial probability situation [table, parameters, use] 

WHY:

The binomial family the most basic family of distributions for considering sampling and repeated experiments. The "pure" binomial applies directly to repeated experiments and to experiments on groups of subjects; sampling involves the "near binomial" - calculations give "close enough" results when we sample form a large enough population. It is necessary to understand the ideas behind the calculations to see how inference base on categorical variables are handled in statistics.

LEARNING OBJECTIVES:


1.
Be able to recognize binomial and near-binomial situations (variables) and identify the parameters (n and p)

 2.
Be able to use the formula and the binomial probability table (for nice cases) to find binomial probabilities

3.
Be able to find and understand the generic parameters  ( and (  for a binomial variable

CRITERIA:

1.
Success in completing the exercises.

 2.
Success in working as a team and in filling the team roles.

RESOURCES:

 1.
The Math 116 Statistics Handbook, chapter 3

 2. 
Your calculators 

 3.
The team role desk markers (handed out in class for use during the semester)

 4.
40 minutes

PLAN:

1.
Select roles, if you have not already done so, and decide how  you will carry out steps 2 
and 3

2. 
Read the "Discussion" below for some summary information on the near-binomial sampling situation, use of the binomial table, and mean and standard deviation.

3.
Complete the exercises given here - be sure all members of the team understand and agree with all the results  in the recorder's report. 

4.
Assess the team's work and  roles performances and prepare the Reflector's and Recorder's reports including team grade .

DISCUSSION:

Binomial and near-binomial situations  
In experimental situations, we often are concerned with binomial variables for "number of individuals helped by a drug" or "number of experimental animals that develop tumors"  - here n  is the number of experimental units and p is the percent of individuals that would be (in whole population - not just in experimental group) helped by the drug or percent of rats that would develop tumors, etc.
In sampling, if we take a sample of  n  individuals from a population and  p is the proportion of blue-eyed people (or whatever characteristic we are counting) in the population,  when we count the number of blue-eyed people in the sample, we don't quite get a binomial variable, because the probability of "success" is not independent between steps (remember selecting 3 people from a group of 2 sophomores and 3 others, with  X = number of sophomores chosen - it's not a binomial variable because P(second is soph | first is soph)  is different from P(second is soph|first is not soph) ). However  if we take a sample from a large enough population (if we had  2000 sophomores and 3000 others) the difference between the two probabilities is very far out in the decimal places - for any calculations that we do, we won't see any difference. Thus When we take a sample from a large population we can treat the count of "successes" as a binomial variable  Usual rule of thumb is: population at least 10 times sample size. If we select 3 people from a group of 2000 sophomores and 3000 others and use  X  for the number of sophomores chosen,  we can and do treat  X  as a binomial variable with  n = 3  and p = .4. This is the “near binomial” situation.


Use of table to save time & simplify calculations
Most of the uses of binomial variables for experimental and sampling situations involve probabilities for "at least"  or "at most" or "between" events and these require calculating several binomial probabilities and adding them up. [For example, pick 12 people from a [large] population in which 30% have high blood pressure and X= number in the sample with high blood pressure - we are likely to want to know P(X ≤ 4)  - which involves calculating probabilities for X  equal to 0, 1, 2, 3, 4 - or  P(X > 7) (probabilities for  X  - 8, 9, 10, 11, 12) , etc.] This can get really tedious. We have a table (starting on p.58) in the text giving the probability distribution for "nice" binomial situations - n up to 20, p a one-digit decimal (or 1/4 or 3/4). Each block of the table represents a value of n ,  each row in the block  a value of  k ,  each column a value of  p.
Thus for  n = 12  and p = .3,  we can find P(X=4) by looking in the 12 block (on p.59),  the column under p = .3 and the row for k = 4 and we get .2311. IF we want P(X≤4) we can take the entries from rows 0, 1, 2, 3, 4 and add them to get P(X≤4) = .0138 + .0712 + .1678 + .2397 + .2311 = .6696. This is much faster and easier than using the binomial probability formula 5 times and then adding. We will prefer using the table (over using the formula) whenever it applies. 
[Note that the formula is repeated at the top of the table - you will have the formula and table available for all our testing situations] [TI-83 and later have commands for binomial probabilities - binompdf for probability of individual value, binomcdf for probability of "less than or equal to" -check your manual for more information, if desired]
For large n, we will use other approximation techniques [Yet to be seen] to avoid long tedious calculations of cases.

Mean and standard deviation for binomial
We could calculate the mean and standard deviation for a binomial variable from the general formulas - 
[image: image1.wmf]  and 
[image: image2.wmf] but for a binomial variable  X  we have the easier formulas

[image: image3.wmf] and 
[image: image4.wmf] - so for taking a sample of 12 people from a population in which 30% have high blood pressure, the average number (over all the millions of samples) of people with high blood pressure is 12(.3) = 3.6 people  and the standard deviation (typical deviation from the mean) is 
[image: image5.wmf]=1.6 people .


EXERCISES:

1.
Identify each of these as a.) binomial  b.) near binomial or c.) not binomial at all 
For the binomial and near binomial, give n  and  p
a.) A new drug for fever reduction is tested on 20 subjects. According to previous work, it should produce a 5 degree reduction in fever for 70% of all people on whom it is used. The variable is  X = number of people in the test who experience a 5 degree reduction in fever (assume the prediction from the previous work is correct)
b.) A class of 25 students includes 8 biology majors, 12 chemistry majors, and 5 English majors. Five students are selected to for a committee on final examinations. The variable  is  X = number of majors represented on the committee
c.) At Huge State U there are 50,000 undergraduates, an 2500 of them are English majors. We will select a sample of 50 undergraduates,  and X = the number of English majors in the sample.

2.
[Use the table, if possible,  for calculations] 
On a certain large Florida beach, in March 80% of the people on the beach are from other states. Suppose we take a sample of 20 people from this beach and count the number of people from other states.
a.) What is the probability we will find at least 12 people from other states?
b.) What is the probability we will find  15 to 17 people from other states (pretty closely matching the real proportion 80%)?
c.) Would we be surprised to find fewer than 10 people from other states in our sample?
d.) If we drew many such samples, what would we expect as the average number of out-of state people per sample (What is the long-term mean)?
e.) What is the standard deviation of the number of out-of-state people per sample ["average" deviation of actual number from the mean]?

3.
A "stop smoking" program claims to have a 65% success rate - they claim that 65% of their (thousands of) customers remain non-smokers a year later. Suppose we take a random sample of 10 of their customers a year later.
a.) If their claim is correct (65% success rate)  would we be surprised to find 3 or fewer who are still non-smokers (what is the probability? is it a small probability?)?
b.) If their claim is correct, how many non-smokers would there be per sample on the average?
c.) If the claim is correct, what would be the standard deviation of the number of non-smokers per sample (of 10)?

CRITICAL THINKING QUESTIONS:(answer individually in your journal)
1.
Why do the mean and standard deviation of a random variable have different symbols ( , )  from the mean and standard deviation of a data set  (x EQ \d\ba7()\s\up5(-)  , s) ?

2.
Will the probability histogram of a binomial variable be unimodal? will it be symmetric? The distribution will depend on  the values of  n  and  p - do the answers to these two questions change for different values of  n  and  p ?[You can look at the table starting on p.57 to see some of the distributions]

SKILL EXER CISES


Exercises for Chapter 3, # 10-17
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