AP Statistics Murder Mystery Key
Adapted from Major Revak of US Air Force Academy by Linda Gann
The instructor’s secretary who contributed so much data for our AP Statistics errors was murdered last night.  By working this series of AP Statistics review problems, you will solve a series of clues to determine the murder weapon, the location of the murder, and the identity of the murderer.  Fortunately, the instructor was not harmed in any way and the AP Statistics website was not tampered with.  The instructor has already narrowed the search to three possible murder weapons, three possible locations, and three primary suspects.  The list appears below:

	Murder Weapon
	Murder Locations
	Primary Suspects

	Power Shock
	The X-Bar Hall
	The “fun-loving” senior

	A Poison M&M
	The Two-Tailed Tower
	The Head Counselor

	A Launched Flying Gummi Bear
	The Least-Squares Stable
	The junior with the long big toe


Progress through the clues to eliminate murder weapons, murder locations and suspects.  When you think you have solved a clue, report to your instructor to receive the next clue.  Try to be the first group to solve the murder!

The list of clue packets appears below.  These do NOT need to be solved in order.

Weapon of Choice

Who Dunnit?

Location, Location, Location

Lethal Weapon

The Scene at the Scene

The Usual Suspects
Weapon of Choice
The police and faculty conducted several experiments with the probably murder weapons.  In one test, they simulated the use of each weapon and recorded the amount of time (in minutes) required to complete the simulated murder task.  The times for each weapon are normally distributed.

First, answer the questions below.  If at least two of the weapons differ (statistically significant difference) in “time to kill”, you can eliminate the weapon with the longest “time to kill.”  Use an alpha of 0.10.

SUMMARY STATISTICS

	
	Count
	Sum
	Average
	Variance

	Power Shock
	12
	164
	13.66667
	3.515152

	Poison M&M
	12
	147
	12.25
	3.840909

	Gummi Bear
	12
	169
	14.08333
	1.901515


A.  How many times was each weapon tested? 12
B.  What are your null and alternative hypotheses for each of the three tests?

Students can work 3 2-sample t-tests (≠) or 3  2 sample t-tests (>)
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C.  What is your decision for each test?  See above
D.  Relate your decision to the scenario – do at least two of the three weapons differ in “time to kill?”  How do you know?  Use the results of your tests to justify you response.

M&Ms differ statistically significantly from the other two weapons. Power Shock was not significant against either M&Ms or Gummi Bear.
E.  Explain the Type I and Type II errors for this scenario.

Type I states that there is a significant difference in the weapons when there is not one.  Type II fails to state a significant difference in the weapons when there is one.
F.  Can you eliminate a murder weapon?  If so, which one? Gummi Bear
G.  Which murder weapons remain?

H.  Which suspects remain?

I.  Which locations remain?

Who Dunnit?

Match the scenario to the correct statistical test.  You may use the tests more than once.  You do not need to use all the tests.  The solutions will spell out a very important clue about the suspect.

E.  Test of equality for 2 population means

C.  
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 Test for Goodness of Fit

G.  Test for equality of 2 population proportions
D.  
[image: image5.wmf]2

X

 Test for Independence

H.  Small sample test of population mean

S.  
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 Test for Homogeneity

N.  Large Sample test of a population mean

T.  Regression

O. Test of a population proportion (z-test)

U.  ANOVA

N___
Use a simple random sample of size 100 to determine whether the average 


income for upperclassmen at RRHS is greater than $75/week

O___
Use a simple random sample of size 100 to determine whether more than 


80% of students actually own their vehicle.

T___
Use a sample of size 50 to determine whether there is a linear relationship 



between a car’s age and its gas mileage.

T___
Use a sample size of 40 to determine whether the SAT score can predict


college GPA.

H___
Use a simple random sample of size 30 to determine whether the average 


runs per game for RRHS baseball is greater than 7.

E___
Use two independent simple random samples of size 40 to determine


whether students’ cars are newer than faculty cars.

H___ Use a simple random sample of size 16 to determine whether the average AP


score is greater than 2 at RRHS.

C___
Use a simple random sample of size 60 to determine whether students



prefer pizza from Pizza Hut, Little Caesar’s, or Domino’s.

A.  Can you eliminate a suspect?  If so, which one? Head Counselor
B.  Which suspects remain?

C.  Which murder weapons still remain?

D.  Which locations remain?

The Usual Suspects
Both the police and the instructor think that the true murdered is extremely smart.  Examine the information below concerning test scores.  You can safely eliminate the suspect with a percentile score below 98%.  It will be very helpful to you to draw a diagram for each calculation (OK – Required!)

The “fun-loving” senior earned a 770 on the math portion of the SAT.  SAT scores are normally distributed with a mean score of 500 and a standard deviation of 120.  
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A.  Calculate the percentile score for the “fun-loving” senior.
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P(x < 770) = P(Z < 2.25) = .9878
The junior with the long big toe scored 130 on an IQ test that had a mean score of 100 and a standard deviation of 15.  Scores on the IQ test are normally distributed.  

B.  Calculate the percentile score for the junior with the long big toe.
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P(X <130) = P(z <2.00) = .9772
The Head Counselor scored a 557 on the Counseling Academic Proficiency Test (CAPT).  The scores on this test are normally distributed with a mean of 500 and a standard deviation of 25.

C.   Calculate the percentile score for the Head Counselor.
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P(x < 557) = P(z < 2.28) = .9887
D.  Can you eliminate a suspect?  Which one? Junior w/ long big toe
E.  Which suspects remain?

F.  Which murder weapons still remain?

G.  Which locations still remain? 

Location, Location, Location
Match each definition with the term it defines.  You may use terms once, more than once, or not at all.  If you are correct, a clue will appear.

A.  Rare event





O.  Variation

B.  Single-blind study




O.  Experiment

D.  Simple random sample




P.  Cluster sample

E.  Population





Q.  Convenience sample

F.  Double-blind study




R.  Placebo effect

G.  Confounding





S.  Stratified sample

H.  Rosenthal Effect




T.  Correlation study

I.  Systematic sample




W.  Alternative hypothesis

L.  Census






X.  Null hypothesis

D___
Choose a sample such that every possible sample of size n has an equal chance of 
being chosen.

I___
Choose a sample such that every kth element from a population is chosen

S___
Subdivide the population into at least two difference subgroups and draw a simple


random sample from each

P___
Divide the population into subgroups and randomly select some entire subgroups 
as the sample

O___
The ONLY way to establish cause and effect

S___
An example of this method is to randomly draw from a group of males and a group


of females

E___
The group you are trying to make inferences about

O___
In this type of study, we apply a treatment and then observe the effects

F___
When neither the doctor nor the patient knows who is getting the drug and who 


is getting the placebo

A___
The probability that an event will happen is less than 0.5%

T___
An example of an observational study

O___
Treated subjects respond differently is an example of ---

W___
The research hypothesis 

E___
A census is a complete sample of the entire ...

R___ An untreated subject incorrectly believes he of she received a treatment

A.  Can you eliminate a location?  Which one?  Two-Tailed Tower
B.  Which locations remain?

C.  Which suspects remain?

D.  Which murder weapons still remain?

Lethal Weapon

After doing the calculators, discard the weapon with the lowest probability of success.

If the Power Shock was the murder weapon, it was most likely used to electrocute the victim.  Suppose that it take five direct shocks with the Power Shock to kill a victim and that the probability of a direct shock on any given attempt is 0.8.  Assume that the murderer took six attempts.

A.  Which probability distribution should you use?  Binomial
B.  What is the probability of success?  .80 Failure? .20 How many trials?  6
C.  If the murderer attempted to Power Shock six times, calculate the probability of electrocuting the victim (obtaining at least 5 direct shocks).

P(x ≥ 5) = P(x = 5) + P(x = 6) = .393216 + .262144 = .65536 or 

1-P(x≤ 4) = 1 - .34464
If the M&M candy was the murder weapon, it is likely that the suspect created several poison M&Ms to increase the odds that the victim would be poisoned.  From the M&Ms that were found at the scene, the police calculated the odds in favor of choosing a poisoned M&M were 4 to 1.

D.  Use this information to calculate the probability of choosing a poisoned M&M.

4/5 = .80
If the launched flying Gummi Bear was the murder weapon, it is likely that the suspect used the rubber bands from the launch pad to strangle the victim.  Suppose that strangulation requires a minimum of 5 rubber bands.  The probability distribution shows the probabilities associated with a varying number of rubber bands.

	X = # of rubber bands
	2
	3
	4
	5
	6
	7

	P(X)
	n
	n
	n
	2n
	3n
	2n


E.  Use what you know about probability distributions to solve for n.  n = .1
F.  Calculate the expected number of rubber bands.  5.1
G.  Find the probability that the murderer used five, six, or seven rubber bands.

   P(X = 5,6, or 7) = .7
H.  Can you eliminate a murder weapon?  Which one? Power Shock
I.  Which murder weapons remain?

J.  Which suspects still remain?

K.  Which locations still remain?

The Scene at the Scene
The murder took place in a hostile area.  The most important variable in predicting a hostile environment is the number of different sodas on campus.  The regression output below shows the linear relationship between the independent variable and the dependent variable (hostile environment – a higher number indicates a more hostile environment).  After answering the questions, you may eliminate the location with the least hostile environment.

Assume all assumptions are satisfied and verified.  Mysteriously, all three prediction models had the same R squared value of 0.9801.

	
	Coef
	Std Err
	T Stat
	P
	Lower 95%
	Upper 95%

	At Tower
	
	
	
	
	
	

	Intercept
	8.62
	
	
	
	
	

	# of Sodas
	-.109
	.04169
	-2.61122
	0.028214
	-.20316
	-.01455

	At Hall
	
	
	
	
	
	

	Intercept
	3.586
	
	
	
	
	

	# of Sodas
	0.832
	0.10824
	7.68611
	.000030
	.58707
	1.07676

	At Stables
	
	
	
	
	
	

	Intercept
	6.977
	
	
	
	
	

	# of Sodas
	0.110
	0.9336
	1.16925
	0.272339
	-.10203
	0.32036


A.  What proportion of variance in hostility can be explained by the number of sodas?
98.01%
B.  What is the 95% confidence interval for the coefficient for “number of sodas” for At Hall prediction model?  Interpret the confidence interval.

0.832 ± 1.645(.10824) = (.6539, 1.0101)     I am 95% confident that the slope of the population regression line explaining the hostility rating at the Hall is contained in the interval.
C.  Predict the hostility at the three scenes using the observed number of sodas.


1.  If there were 6 sodas at the X-bar Hall  8.578

2.  If there were 8 sodas at the Two-Tailed Tower  7.748

3.  If there were 6 sodas at the Least Squares Stables  7.637
D.  Can you eliminate a murder location?  Which one?  Least Squares Stable
E.  Which murder locations remain?

F.  Which suspects still remain?

F.  Which murder weapons still remain?

We Solved the Crime!
The ______ Fun-Loving Senior __________

(Fun-Loving Senior, Head Counselor, Junior with long big toe)

Did it with the

                             Poison M&Ms
(Power Shock, Poison M&Ms, Launched Flying Gummi Bear)

at the

X-Bar Hall
(X-Bar Hall, Two-Tailed Tower, Least Squares Stable)

Group member Names:

1. ________________________________________

2. ________________________________________

3. ________________________________________

Date/time submitted:__________________________

_1238934145.unknown

_1301744823.unknown

_1238930372.unknown

_1238933971.unknown

_1238930334.unknown

