Chapter 12 Continued:  General Confidence Intervals for One Mean or Paired Data.
**For any C.I. of the Mean of a Population**

C.I. = Sample Estimate +/-  t*(Standard Error)

Where
*Standard Error of 
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* t* comes from Pg. 614 with df = n-1

Ex.  Ebay is a popular Internet company for personal auctioning of just about anything.  When you list an item to sell on eBay there is an online auction format in which the product sells for the highest price bid over a set period of time (1, 3, 5, 7, or 10 days).  In addition, you can offer potential buyers a “buy-it-now” option, whereby they can buy the product immediately at a fixed price that you set.  

Do you tend to get a higher, or a lower, price if you give bidders the “buy-it-now” option?  Let’s consider some data from sales of the Palm M515 PDA, a popular handheld computer, during the first week of May 2003.  During that week 25 PDA’s were auctioned off, 7 of which had the “buy-it-now” option.  Here are the final prices at which the items sold:

Buy-it-Now:
 235, 225, 225, 240, 250, 250, 210

Bidding Only:  250, 249, 255, 200, 199, 240, 228, 255, 225

                         232, 246, 210, 178, 246, 240, 245, 225, 246

a)  Find the sample mean for both ways of selling the PDA.
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= Buy-it-Now option  = $233.57
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= Bidding Only option = $231.61

b) Find the standard error for each option.

Using the TI-Calculator it is easy to calculate the sample standard deviations for each sample.

s1 = 14.64

s2 = 21.94
Therefore, s.e.( 
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And   s.e.(
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c) Construct a 98% C.I. for each.

*First need to find t* multipliers.
Use the Table on Page 614:  t1* = 3.14  (Because df=6)






      t2* = 2.57 (Because df=17)
98% C.I. for Buy-It-Now Option
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) = $233.57 +/- 3.14(5.53) = (216.21, 250.93)
98% C.I. for Bidding Only Option
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d) Interpret the results.

The 98% C.I. for the Buy-It-Now Option is wider than that of the bidding only option.  This suggests more variability in the buy it now option.  But, since the intervals overlap so much there is not enough information to conclude that one option has a higher mean than the other.  

Conditions Required for Using the t-interval:
(One of the following situations must hold)
1) The population of measurements is bell-shaped and a random sample of any size is measured.  Small samples should show no extreme skewness or outliers.    

2) The population of measurements is not bell-shaped, but a large random sample is measured.  (n > 30).  
(We can use boxplots to help us determine the shape of the data and the prevalence of outliers).  

Paired Data
*For paired data the difference between two means becomes the statistic of interest.*

Common Notation associated with Paired Data:
Data:  d = x1 – x2
Population Parameter:  
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= Mean differences of the 
          population.

Sample Estimate:  
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= Sample mean of the differences
Confidence Interval for 
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12.5 General Confidence Interval for the Difference Between Two Means (Independent Samples)
· t-Distribution is also used for General C.I.’s for the difference between two means…with a slight variation.

General C.I. = Difference in Sample Means +/-  t* x s.e.(
[image: image21.wmf]_

2

_

1

x

x

-

)

Recall:  s.e.(
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*However, the Degrees of Freedom Cannot be Approximated with our old formula of df=n-1.  

*We can use Welch’s Approximation
df = 
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Conservative Approach:  Use the lesser of n1 – 1 and n2 -1

Ex.  A recent experiment (Psch. Science) investigated whether cell phone use impairs drivers’ reaction times, using a sample of 64 students from the University of Utah.  Students were randomly assigned to a cell phone group or to a control group, 32 to each.  On a machine that simulated driving situations, at irregular periods a target flashed red or green.  Participants were instructed to press a ‘brake button’ as soon as possible when they detected a red light.  The control group listened to a radio broadcast or to books-on-tape while they performed the simulated driving.  The cell phone group carried out a conversation about a political issue on the cell phone with someone in a separate room.  

For Each subject the experiment measured their mean response time over all the trials.  Analyze whether the population mean response time differs for the two groups.

	
	N (Sample Size)
	Mean
	St. Dev.

	Cell Phone
	32
	585.2
	89.6

	Control
	32
	533.7
	65.3


a)  Assuming that the variances for the two populations are not equal (unpooled) calculate the standard error for the difference between the two means.  

Let 
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Let 
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 s.e.(
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b) Calculate t* using the conservative approach for a 99% C.I.

df = the lesser of n1 – 1 and n2 -1

df = the lesser of (32-1) and (32-1)  = 31

(Since our table doesn’t have 31 use 30 as an approximation)

t* = 2.75

c) Construct a 99% C.I. for the mean difference of reaction time for cell phone drivers versus the control group.  

C.I. = 
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C.I. =  (585.2 – 533. 7) +/-  2.75 x 19.6  = ( -2.4, 105.4)  

d) Interpret the results

Since the 99% C.I. brackets 0, we can not make a statistical claim that drivers with cell phones have slower reaction speeds than drivers not talking on the phone.  

What if we had Equal Variances?  Pooled Standard Error
*Sometimes it is reasonable to assume that two populations have equal standard deviations and therefore equal variances.  

*If this is the case we can calculated a pooled variance rather than using Welch’s Approximation.

Pooled Standard Deviation = 
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*Using our pooled standard deviation we can approximate a pooled standard error.

Pooled Standard Error for the Difference Between Two Means:
Pooled s.e.( 
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This will simplify our calculation for Degrees of Freedom to:
df = n1 + n2 -2

Ex.  Discrimination Based on Age
The Revenue Commissioners in Ireland conducted a contest for promotion.  The ages of the unsuccessful and successful applicants are given below (American Statistician, Vol. 58).  Some of the applicants who were unsuccessful in getting the promotion charged that the competition involved discrimination based on age.  Treat the data as samples from larger populations and construct a 90% Confidence Interval for the difference between the mean age of unsuccessful applicants and the mean age of successful applicants.    Assume equal variances for the two populations.
Unsuccessful Participants

Successful Participants

n= 23





n=30
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a) Calculate the Pooled Standard Deviation, 
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=7.09
b)  Calculate the Pooled Standard Error
Pooled s.e.( 
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c) Find the t* multiplier for a 90% C.I.

Since we have a pooled standard error:

df =  n1 + n2 -2 = 23 + 30 -2 = 51
So t* is 1.68
d) Construct the 90% C.I. for the difference in the mean age of participants.

C.I. = (
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= (47 - 43.9) +/-  1.68 (1.965) = 
[image: image51.wmf](-.2012, 6.4012)
e) Interpret this Result
Since our 90% C.I. brackets 0, there is not enough statistical evidence to claim that age discrimination was involved.  
12.6 The Difference Between Two Proportions (Independent Samples)
Ex.  What is the difference between the true population of male RTD riders and female RTD riders?

Any C.I. for this situation can be constructed with the general formula:

Sample Estimate +/- Multiplier x Standard Error

*The Multiplier for C.I. about the difference of two proportions will always be a z* multiplier (we can find them from the tables on 612 and 613 just as we did in Chapter 10).  

*Therefore, any C.I. for the difference of Two Proportions is: 
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Conditions for a Confidence Interval for the Difference in Two Proportions:
1. Sample proportions are available based on independent, randomly selected samples from the two populations.
2. All of the quantities 
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 are greater than 10.  
Ex.   Is Surgery Better than Splinting. 
The following table describes the results from a clinical trial in which patients were treated for carpal tunnel syndrome.  Construct a 98% C.I. for the difference in success rate of surgery versus the success rate of splinting.  

	
	Surgery
	Splint

	Success after 1-year
	67
	60

	Total Treated
	73
	83

	Success Rate
	(67/73) = 0.92
	(60/83) = 0.72


a) What is the standard error for the difference in the two proportions.  
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 = 0.118
b) Find z*.

Look it up in the Tables on 612 and 613 or 614

z* = 2.33

c) Construct the 98% C.I.
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   =   (0.92 - 0.72)  +/- 2.33 (0.118)  = (-.0749, 0.2274)
d) Interpret the Result:  

Since the C.I. brackets 0, we cannot make a statistically significant claim that the success rates of surgery are higher than the success rates of splints or vice versa.  
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