Simpson’s Paradox or the Danger of Aggregating Data
Beginning in 1987, the Department of Transportation required U.S. airlines to report each month the percentage of their flights that are on time in the 30 busiest airports in the United States.  Reporting an overall percentage of on-time flights can favor airlines that frequently serve fair-weather cities and disadvantage airlines that serve cities with rain or fog.

Alaska Airlines serves only 5 of the 30 busiest airports.  America West Airlines has a higher overall percentage of on-time flights for the five cities than Alaska Airlines.  But a careful look at the data reveals something interesting.  The table illustrates the record for June 1991.  Although America West had a higher overall percentage of on-time flights, Alaska Airlines had a better on-time record in each of the five cities.  
Alaska Airlines

	Destination
	# of Arrivals
	Arrivals on Time
	% On Time

	Los Angeles
	559
	497
	88.9%

	Phoenix
	233
	221
	94.8%

	San Diego
	232
	212
	91.4%

	San Francisco
	605
	503
	83.1%

	Seattle
	2146
	1841
	85.8%

	Five-Airport Totals
	3775
	3274
	86.7%


America West Airlines

	Destination
	# of Arrivals
	Arrivals On Time
	% On Time

	Los Angeles
	811
	694
	85.6%

	Phoenix
	5255
	4840
	92.1%

	San Diego
	448
	383
	85.5%

	San Francisco
	449
	320
	71.3%

	Seattle
	262
	201
	76.7%

	Five-Airport Totals
	7225
	6438
	89.1%


This is a result of Simpson’s Paradox.  Most of the America West flights went to Phoenix, a fair-weather airport.  Most of Alaska Airlines’ flights went to Seattle, which has rather inclement weather.  

6.5 Assessing the Statistical Significance of a 2x2 Table
Previously Defined:

Inferential Statistics:  Using Sample information to make generalizations about the population of interest.  

Statistically Significant Relationship:  One that is large enough to be unlikely to have occurred in the observed sample if there is no relationship or difference in the population.  

*If a Relationship is statistically significant we are inferring that the relationship also holds in the population. *

The Five Steps to Determining Statistical Significance

1) Determine the Null and Alternative Hypotheses

2) Verify necessary data conditions, and if met, summarize the data into an appropriate test statistic.

3) Assuming the null hypothesis is true find the p-value.

4) Decide whether or not the result is statistically significant based on the p-value.

5) Report the conclusion in the context of the situation.

1.  Null and Alternative Hypotheses

**Can we conclude from our sample data that two variables are related**  In other words we have two choices:

Null Hypothesis:  The two variables are not related

Alternative Hypothesis:  The two variables are related.  

(Always put the Null and Alternative Hypotheses in terms of the original research question of interest).

2.  The Chi-Square Statistic

**A statistic which measures the difference between the observed counts in the contingency table and the counts that would be expected if there were no relationship (the null hypothesis).  

In order to compute the Chi-Squared Statistic first construct a table of expected counts.  (If there were no relationship between the two variables what count would fall within each cell).    

*A.k.a. make the row percents across columns equal for each row.*

Ex.  Suppose that 50 football players and 100 basketball players are each asked about his or her religious attendance.  We know that of the 150 individuals 90 attend church regularly and 60 do not attend church regularly.  If sports affiliation and church attendance are not related, what counts would we see in the cells of a contingency table?

	
	Regular Attendance
	Do not attend church regularly
	Total

	Football
	30
	20
	50

	Basketball
	60
	40
	100

	Total
	90
	60
	150


*If 90 attend church regularly that implies that 60% of everyone surveyed attends church regularly.  

*Assume 60% are Football Players and 60% are Basketball Players.    
*Fill in the rest of the table accordingly.  
A table of expected counts has two properties:

1.  There is no association between the two variables.
2.  The expected counts in each row and column sum to the same totals as the observed numbers.  

*The Expected Count for Each Cell*

(Row Total * Column Total)/Total n for Table

Calculating the Chi-Square Statistic
(For Each Cell in the Table)

(Observed count-Expected Count)^2/Expected count

Chi-Square Statistic is then the sum of the above calculations for each cell.  

3. The p-value of the Chi-Square Test.

Assume the null hypothesis is true and then determine the likelihood of observing data that would produce a chi-square statistic as large as the one observed, or larger.  What is the probability that a relationship of the magnitude observed, or one even stronger, would occur in the sample if there is no relationship in the population?

4. Making and Reporting a Decision

**When the p-value is less than or equal to 0.05 (5%) we will assume that the observed relationship did not occur by chance.  In that case, we can say that the relationship is statistically significant, and we reject the null hypothesis in favor of the laternative hypothesis.  

**When the p-value is greater than 0.05 (5%) we will say that the observed relationship could have occurred just by chance.  Therefore, we cannot say that the relationship is statistically significant and we do not reject the null hypothesis.  

Ex. Results of a Randomized Experiment Comparing the Cheating Habits of College Freshman by Gender
	Gender
	Cheated 1st Semester
	Did not Cheat 1st Semester 
	Total

	Male
	21
	73
	94

	Female
	13
	67
	80

	Total
	34
	140
	174


Null Hypothesis:  Occurrence of Cheating is unrelated to Gender
Alternative Hypothesis:  Occurrence of Cheating is related to Gender

Expected Counts
	Gender
	Cheated 1st Semster
	Did not Cheat 1st Semester
	Total

	Male
	18
	76
	94

	Female
	16
	64
	80

	Total
	34
	140
	174


Chi-Square Statistic:
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Using Excel the p-value is found as CHIDIST(1.32,1)=0.25
Since 0.25>0.05, we fail to reject the null hypothesis.

We conclude that there is not enough sufficient evidence to reject the null hypothesis.  

** Suppose p-value had been 0.0004.  In this case 0.0004<0.05 so in this case we would have rejected the null hypothesis in favor of the alternative.  Therefore we could conclude that occurrences of cheating are related to gender.  
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