2005 AP Statistics Free Response
Comment on measures of center, spread and shape of each graph, as well as relationship to each other.

1.  a)  The mean and median daily caloric intake of 9th grade urban students (32.6 calories and 32 calories) were lower than the mean and median for rural students (40.45 calories and 41 calories).  The data from the urban students also showed smaller measures of spread.  The range of these was 16 calories and a standard deviation of 4.67, while the data from the rural students had a range of 19 calories and a standard deviation of 6.04 calories.  The shapes of the two distributions differed as well.  The urban student data was bimodal, while the data from the rural students was skewed to the right.    

b)  No.  As the samples are from only one rural school and one urban school, it seems unreasonable to generalize the data to the population of all ninth grade students.  

c)  Both study plans rely on self reporting, and data is standardized by dividing number of calories consumed by body weight.  Plan two would likely be a better way to generalize.  Weekdays and weekends would then be included in data, and variation of daily eating habits would be accounted for in this plan.  Therefore, the average over the 7 day period would be a better indicator of average daily intake than a one day study.  
2.  a)  
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b)  We would expect the average for the new sample to be closer to 1.6.  Although both samples should have an expected value of 1.6, the variability for 1000 days should be less than the variability for 20 days.  (REMEMBER:  As sample size increases, average value approaches expected value)
c)  What is the problem saying?   The median of a random variable is defined as any value x such that the probability that a particular value is above x is greater than or equal to.5 and the probability that a particular value is less than x is greater than or equal to .5.  So you are trying to find which value 
So, looking at the table (which is a list of probabilities…) and determine which x value fits the bill….

	x
	   Probability
	Probability that it is x or lower
	Probability that it is x or higher

	0
	.35
	.35
	1.0

	1
	.20
	.55
	.65

	2
	.15
	.70
	.45

	3
	.15
	.85
	.30

	4
	.10
	.95
	.15

	5
	.05
	1
	.05


The one that works is x = 1.

d)  The mean (determined in 2a) is 1.6.  The median (determined in 2c) is 1.  The mean is greater than the median and this indicates that the histogram of the data is skewed to the right.  


3.  a).  Yes, a linear model is appropriate for the data.  The scatterplot of the data appears to have a strong, positive linear relationship.  The plot of the residuals is random with no discernable pattern.  
b)  2.1495 is the change in fuel consumption (units per mile) per rail car attached.  

If the cost per unit is $25, then the change in fuel consumption average cost will be $25 times 2.1495 = $53.74 for each railcar added.  
c)  The r2 value is .967.  That means that 96.7 % of the fuel consumption value is explained by the linear regression model with the number of rail cars as the explanatory variable.  3.3% of the value is unexplained.

d)  No.  The data set does not extend beyond 50 railcars and extrapolation is not reasonable, using the regression model.  
4.  Does this look familiar???  
a)  
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What do you have to do to get full credit?  Before performing the statistical test (which you should name) test the conditions.
b)  One sample z test for a proportion

c)  Test the Conditions:

1.  np = 13 and n(1-p) = 52.  Both are bigger than 10 **

2.  Observations are independent b/c it is reasonable to assume that the 65 boxes are a random sample, and whether each box has the voucher is independent of the other box.

3.  N > 10n.  This is new.  The new condition:  make sure that you feel confident that that the sample is less than 10 times the total number of objects in the population.  That is, 10n = 650.  It is reasonable to assume that N (the total number of cereal boxes produced) is bigger than 650.  

Note – you can list the formula instead of naming the test.
d)  Compute the test statistic and the corresponding probability
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P(z < -.62) = .2676

e)  Conclusion:  since the p value is larger than a reasonable significance level (such as alpha = .05) I do not reject the company’s claim.  There is no statistical evidence to support the students’ belief that the proportion of boxes with vouchers is less than 20%.
5.  Remember:  use complete sentences and be clear, concise and complete.  Also, answer the question, which is how it will affect the estimate of adults without a high school diploma.
a)  Adult heads of household without a high school diploma will likely have a low paying job.  Limited income families may not be able to afford telephones, and therefore a survey conducted by random digit dialing will under represent those adults without a high school diploma.  This is 
Other bias 

· Wording or tone of interviewers may make callers less likely to reveal that they do not have a high school diploma, lowering the estimate.  
· Calls may be made during the day, when those with diplomas are at work.  This is sampling bias.  The estimate will be too high.

· People with high school diplomas may be able to afford Caller ID and do not answer the phone. Thus, the estimate will be too high.

· Since people do not like to respond to cold calls, the response rate may be so low that the results are not helpful.  The impact of this bias on the estimate of adults without a high school diploma is not identifiable.

b)  
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Round up and n = 733 people.
Note:  conservative response and an equation of 
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= 1068 respondents is acceptable.
c)  To get state estimates as well as national estimates, stratified sampling should be employed.  Each state is the stratum (this statement must be included), and a random sampling of adults would be selected and surveyed.  The sample size would be based on the desired precision of the survey.  Date from individual states can then be combined to find the national estimate.  

6.  a)  Conditions required:  The two samples are selected randomly and independently from the two populations.  The population distributions of the amount of lead on the dominant hand for both groups of children (those sent to play inside and those sent to play outside) are normal.
Check conditions:  The procedure described is the same as taking a random sample from a population of children in an urban day-care center who could be assigned to play inside and an independent random sample of children in urban daycare centers who could be assigned to play outside.  Using a graph (dotplot, histogram, boxplot) the lack of outliers and symmetry indicate that the normal assumption is reasonable for both populations of children.  

Two Sample T-confidence interval for the difference of two means OR
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Either state the name of the test or show the formula.  
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If you use the calculator, make sure to list the degrees of freedom indicated on the calculator.  It is different than what you (-16.57, -9.43) mcgs, d.f. = 8.357
The following are not ok – paired t procedure, separate confidence intervals for inside and outside, z procedure (n is not big enough to assume normality)

Interpretation – don’t forget this!!

We are 95% confident that the difference between the mean amount of lead on the dominant hand of the population of urban day care children after one hour of inside play and the mean amount of lead on the dominant hands of the population of urban day care children after an hour of outside play is between -16.604 mcgs and -9.40 mcgs.
IT IS ALSO OK TO mention that as the interval does not include zero that there is significant  difference in the mean amount of lead on the hands of the urban day care children after one hour of inside play and the hands of urban day care children after one hour of outside play.  On average, urban day care children who play outside have higher amounts of lead on their hands.  

b)  (see board)  - include a table of means.  
c)  Compare inside/outside, suburban and urban then comment on the relationship.  Use the graph along with the data.  
For both urban and suburban day care centers, the mean amount of lead in the dominant hand of children who play outside is higher than the mean amount of lead on the dominant hand of children who play inside.  The justification can be seen by comparing means, the confidence interval, or interpreting the graph.  All endpoints of the confidence interval are negative.  The graph clearly shows that the line connecting the outside means is above the line that connects the inside means.  
For both inside and outside play, the amount of lead on the dominant hand of urban children is higher, on average, than the amount of lead on the dominant hand of suburban children.  This can be justified by comparing means or by interpreting the graph.  Both lines rise from left to right, indicating an increase from suburban to urban both for children who play inside and for children who play outside.  


Relationship:  The magnitude of difference in mean amount of lead between day care children who play inside and play outside depends on the environment.  the graph shows that the means for the urban environment are much farther apart than those for the suburban environment.  

ANOTHER ANSWER

Whether the children play inside or outside makes a bigger difference in the urban day care environment than in the suburban day care environment.  This is shown by the graph (or the fact that the endpoints for the urban confidence interval are farther away from zero than the confidence interval endpoints for the suburban; note also that the intervals do not overlap).  This indicates that the difference is large for the urban environment.  
You don’t have to reference all three – one is plenty
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