2006 AP Statistics Free Response
Comment on measures of center, spread and shape of each graph, as well as relationship to each other.

1.  a)  Both are roughly symmetric and mound shaped.    Catapult A is approximately normally distributed with apparent outliers while Catapult B appears skewed left but more clustered.  The mean distance of Catapult A is 136.65 cm and the median is 136 cm.  The mean distance of Catapult B is 138.6 and the median is 138 cm.  The range of Catapult A is 32 cm and the range of Catapult B is 11 cm.  
b)  If the parents want to maximize the probability, they should choose Catapult B.  The range of distances is smaller than Catapult A.  By using this catapult, they will see less variability in resulting distances and more children should be successful in landing in the shaded band.  (the goal is for children to WIN, not to lose.. )
c)  Using Catapult B, the launching location should be 138 cm from the target line.  There are 30 ping pong balls that landed within 5 cm on either side of 138 cm.  Placing catapult B at this location would result in a high proportion (.75) of ping pong balls landing in the target area. 
Note –  the answer key indicated that mean and SD were not necessary.  With dotplot data, look just for the median and range.  
Don’t give separate lists – link them somehow.   

Notice also that the band is 5 total, not 5 on each side.  This can introduce error.  
2.  a)  
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where yhat = the predicted(estimated) mean height in mm of the suds and x = the mean amount of detergent in grams.  

b)  s = 1.99281 is the standard deviation of the residuals.  This statistic measures the variability in the difference between the predicted mean of the suds height (the line) and the true suds height.  (context)  Also acceptable is something along the lines of the difference between observed values for height and predicted values from regression line.
c)  The standard error in the slope = .7533 (see output).  The standard deviation in the estimated slope for predicting height of soapsuds by using the amount of detergent is expected to be .7553 mm per gram.  This estimates the variability in the sampling distributions of the estimated slopes (that is, how the sample slopes would vary from experiment to experiment).  (context)
3.  a)  What is the probability that E will be below -2?
Conditions:  M = D + E where D is a constant and E is normally distributed means that M will be normally distributed, with a mean of 2 and a standard deviation of 1.5 (adding a constant changes the mean but not the standard deviation).

P(M < 0) = 
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Check and comment on conditions and name mu and sigma. 

Also acceptable is P(E< -2) = 
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b)  At least one = All – none = 1 – (1 – .0918)3 = .2509
Note – if you are more accurate, the answer comes out to be .2494
c)  In this problem you are asked to evaluate the mean  of three independent depth measurements…. 

Conditions:  Since the measurements come from a normal distribution, the distribution of xbar is normal with a mean of 2 feet and a standard deviation adjusted by the square root of 3.  
[image: image4.wmf]02

P(x0)PzP(z2.3094).0104

1.5

3

æö

-

ç÷

<=<=<-=

ç÷

ç÷

èø


Check and comment on conditions and name mu and sigma. 

Also acceptable; let S = the sum of the three independent mean depths:
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.  The value of the denominator comes from 
[image: image6.wmf]222

S

σ1.51.51.5

=++

(square root of the variances)

4.  Conditions required:  Independent random samples

                                        Large samples or normal population distribution

a)  A sample of 150 divided into two is not two, independent random samples with fixed sample sizes.  It is reasonable to assume that the mode of transportation does split the patients into two independent groups (i.e. not before/after).  Using a two sample t distribution is reasonable because each sample size is large (both are above 30).  

One could assume that wait times are at least somewhat normally distributed.  No way to check this.  

In checking conditions, make sure to mention that each sample size is large enough (bigger than 30) OR by stating that each population needs to be normally distributed but nothing in the problem allows you to check for that. 
Find a 99% confidence interval for the difference in mean wait times for ambulance transported and self-transported heart-attack symptom patients. d.f. = 72.  Choosing t* offers flexibility.  You could use 60 or 80 or 100.  
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= (-4.3124,-2.0757)
Calculator would give d.f. of 140.37, with t* of 2.61140, but the t* value does not show up on the calculator.  That is probably not an issue, as long as you name the test (two sample t interval) and list the d.f. that the calculator gave.  
Based on this sample, we are 99% confident that the true difference in the mean wait times (ambulance – self) of the population lies between -4.312 minutes and -2.076 minutes.  

ALSO ACCEPTABLE:  We are 99% confident that the true mean wait time for those transported via ambulance is shorter than those who self transport, by somewhere between 2.076 and 4.312 minutes.
b)  Since 0 is not in the result of the 99% confidence interval, consider 
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.  At α = .01, we can reject the null hypothesis and say there is a difference in mean wait times between Ambulance transported patients and self-transported patients.  We do have statistically significance evidence that a difference exists.  
5.  a)  There are six treatment (see below)
	Treatment
	Nutrient
	Salinity Level

	1
	A
	Low

	2
	A
	High

	3
	B
	Low

	4
	B
	High

	5
	C
	Low

	6
	C
	High


List the information about the treatments in a table or a tree diagram.  
b)  Note – the shrimp have already been placed in the tanks “The experiment is to be conducted in a laboratory where 10 tiger shrimp are placed randomly into each of 12 similar tanks in a controlled environment”
As the shrimp are already in the tanks, the treatments will need to be randomly distributed over the tanks. Each treatment will be assigned to two tanks.  One way would be to assign each treatment two distinct random numbers using a random number generator, one to twelve.  Each tank will also be randomly a random number using a random number generator, one to twelve. Then, treatment 1 would be assigned to tank 1, treatment 2 to tank 2, etc through treatment 12.    After three weeks, the change in weight (after – before) will be determined and each tank will be compared using appropriate averaging techniques.

*Another method:  Each tank would be assigned a random number using a random number generator, one to twelve.  Then the treatments would be assigned to sequential tanks.  That is, Treatment 1 to the tanks with the lowest and next lowest number.  Treatment 2 to the tanks with the next lowest and next lowest, and so on.
c)  Using Tiger shrimp reduces variability.  If different types of shrimp were used, any growth could be due to shrimp type.  Eliminating variability by using only one type of shrimp will make it easier to identify treatment effects.  
Do not mention confounding or lurking variables.  “In a completely randomized design, confounding is not possible.  Therefore a reference to confounding or lurking variables always incurs a penalty”

d)  By using only tiger shrimp, the biologist will only be able to generalize his results to tiger shrimp.  Any treatment combination that he identifies as working best will only be applicable to tiger shrimp because other shrimp may respond differently to the treatment options.  

6.    a)  
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b) Use 1-Var statistics to find the s value 
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c)  The conditions indicate the population follows a normal distribution, and the sample is a random sample of test data.  The test statistic is a chi square distribution with d.f = 9.  The chance of exceeding the observed value of 12.074 under H0 is P-value = 
[image: image13.wmf]2

P(12.074).2092

c>=

.  [Using the chart, .20 < p-value < .25]

Since the P-value is greater than .05, I fail to reject the null hypothesis.  According to the data presented, there is not statistical evidence that the recent thermostats are more variable (i.e. less reliable) than before.  

Since the conditions are given in the problem, you don’t have to restate them but it isn’t a bad idea to get in the habit of always checking the conditions.  
Notice, I made up my own α value.  You should choose either .05 or .01, and state it.  If you don’t you should be very clear saying that the value is too low.  
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d)  The smallest value of the test statistic (d.f. = 9) would be 16.92.  Shade to the right of 16.92 on the chart.  

e)  This is a simulation of the χ2 values.  Find the value of 16.92 in each of the three histograms and draw the line at that value, and then indicate by shading that the area to the right is the region.
f)  The population with the largest variance will produce the largest s2 values and as result the largest test statistics.  The simulated sampling distribution that corresponds to the population with the largest variance is Histogram III.  This simulation had the most values above 16.92, including some very high ones above 45 {or the largest probability of producing a sample that would lead to the rejection of the null hypothesis}. The simulated sampling distribution that corresponds to the population with the smallest variance is Histogram II.  This simulation had very few values above 16.92, tailing quickly off by 35 {or the smallest probability of producing a sample that would lead to the rejection of the null hypothesis}.  



χ2 =16.92
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