
Scoring: 

E P I 

E P I 

E P I 

Chapter :3 "FRAPPY" 
{Free Response AP Problem•••Yayn 
The following problem is taken from an actual Advanced Placement Statistics Examination. 
Yourtask is to generate a complete, concise stat istical response in IS minutes. You will be graded 
based on the AP rubric and will earn a score of 0-4. After grading,keep this problem in your binder 
for your AP Exam preparation. 

Commercial airlines need to know the operating cost per our of flight for each .i!ane in their 
fleet. In a study of the relationship between 0 eratin cost er 0 r and number of Sassenk er 
seats, invest igato rs computed the regression 0 operating cost per hour on t he num er of 
passenger seats.The 12 sample aircraft used in the study included planes with as few as 216 
passenger seats and planes with as many as 410 passenger seats. Operating cost per hour ranges 
between $3,600 and $7,800. Some computer output from a regression analysis of these data is 
shown below. 
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(a) What is the equation of e least squares regression line that describes the relationship between 
operating cost per hour nd number of passenger seats in the plane? Define any variables used 
in this equation. 

O?:::'c~ ~ =I\3 (c -\ \L1 I ~l ~(.SeG\T5') 

(b) What is the value of the correlation coefficient for operating cost per hour and number of 
passenger seats in the plane? Interpret this correlation. 

"" 1'"'" {:"51- ="t ,1-55
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(c) Suppose that you want to describe the relationship between operating cost per hour and 
number of passenger seats in the plane for planes only in the range of 250 to 350 seats. Does 
the line shown in the scatterplot still provide the best description of the relationship for data in 
this range? Why or why not? 
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Question 4 (cont'd.) 

Part (a) addre sses the first element. 

Element one is: 

essentially correct if the solution has the correct equation and variables are
 
defined correctly.
 

partially correct if only the equation is correct.
 

incorrect if the equation is not stated correctly.
 

Part (b) addresses the second and third elements. 

Element two is: 

essentially correct if the student's solution states that r = 0.755. 

partially correct if the student's solution only states that r = ± 0.755 . 

incorrect if the student states any other value of r including 
r = 0.726 (square root of R-Sq (adj j), 

Element three is: 

essentially correct if the student's solution 

addre sses, based on a correct understanding of the correlation coeffic ient, 
three or four of the followin g: 
•	 type of relationship 
•	 strength 
•	 direction 
•	 context 

OR 

states, based on a correct understanding of r2
: 

•	 that 57 percent of the variability in operating cost per hour can 
be explained by a linear relationship between cost and numb er of 
passenger seats 

AND 

•	 that the relationship is positive. 

Note : If the student gives a correct interpretation of r but then 
incorrectly explains r2

, this is considered a parallel solution 
and is incorrect. 
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Question 4 (cont'd.) 

partially correct if the student's solution 

addre sses exactly two of the following - type of relationship (linear), 
strength, direction , and context (based on a correct understanding of the 
correlation coefficient). 

OR 

only states that 57 percent of the variability in operating cost per hour 
can be explained by a linear relationship between cost and number of 
passenger seats (based on a correct understanding of r2

) - BUT - does 
not state that the relationship is positive. 

NOTE: Element three may be scored essenti ally or partially correct if the student uses a 
reasonable r (between aand 1) or R-Sq (adj) value. 

Part (c) addresses the fourth element. 

Element four is essentially correct if the student' s solution 

states that the existing line is not a good fit for the remaining seven points and 
correctly explains that the restricted data has a negative correlation or the 
recalculated least-squares regression line has a negative slope. 

Element four is partially correct if the student's solution 

explains why the existing line is not a good fit for the remaining seven points but 
does not communicate that the restricted data has a negative correl ation or the 
recalculated least-squares regression line has a negative slope. 

OR 

removes fewer than the specified five points , but gives a correct interpretation of 
the effect on the correlation or slope of the least-squares regression line. 

COf' ec.,t­l\ ~ y e\-c"",eV\~ 
cor "rt c,...~

3 -:: 3e...'-eJJY' ~V\~ 
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Chapter 4 "FRAPPY" 
{Free Response AP Problem•••Yay!'} 

(	 The following problem is taken from an actu alAdvanced Placement Statistics Examination . 
Your task is to generate a complete. concise statistical response in 30 minutes - You should expect 
to spend 30-35 minutes on the "InvestigativeTask". You will be graded based on the AP rubric and 
will earn a score of 0-4. After grading. keep this problem in your binder for your AP Exam 
prep aration . 

You are planning to sell a used 1988 automobile and want to establish an asking price that is competitive with that of 
other cars of the same make and model that are on the market. A review of newspaper advertisements for used cars 
yields the following data for 12 different cars of th is make and model. You want to fit a least squares regression model to 
these data for use as a model in establishing an asking price for your car. 

»<. .-tC'.. 

Production 1990 1991 1992 1987 1993 1991 1993 1985 (98),\ ~ 9 ~ 19861v1979" 
Year ,I 
Asking Price 

) 2.0 '(thousands 6.0 7.7 8.8 3.4 9.8 8.4 8.9 1.5 1.6 1.4 
~o.)of dollars} \ J \ 

'-J ........,. 
The computer printouts for three different linear regression models are shown below. Model I fits the asking prices as a 
function of the production year, Model 2 fits the natural logarithm of the asking price as a function of the production year, 
and Model 3 fits the square root of the asking price as a function of the production year. Each printout also includes a plot 
of the residuals from the linear model versus the fitted values, as well as additional descriptive data produced from the 
least squares procedure. 
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Fitted V alu es 

The regression equation is Price = - 58 . 1 + 0 .7 19 Year .
 

s = 1 . 25 5 R-sq = 88 .5 % ~
 

Va r iab l e
 Coe f ficient ~ t -ratio p rob 

Constant - 58 . 0503 7. 2 05 - 8. 0 6 0 .000 

Year 0 .7 18997 0.082 8 .77 0 .0 0 0 

Sourc e Sum o f Sq ua r e s df Mean Square F-ratio 

Regression 121.097 1 121 . 097 76 .9 

Residual 15. 7521 10 1 .57521 
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So u r ce
 Sum o f Squares df Me a n Square F-rat io 
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E P I (a) Use Model 1 to establish an asking price for your 1988 automobile. 

r\c&~ --'5.\ 1- O\l \q~fC\ ( 
~f\lO .:- -~.' +-o.l\Q(bB) 
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E P I (c) Use Model 3 to establish an asking price for your 1988 automobile: 

~; ~e :- \ 3. ~ + D . \l u> g-eo. ~ 

{R"~ ~ - \o\~ ~ Ol~lo (~1 
~; -:. d.\ ~ ~fic..Q-= l1 .I<Ol 51t1 ~~S 

E P I (d) Describe any shortcomings you see in these three models . 

TYl-e- '( ~~ ~\()\- ~ o..OJ> '-6~S 
SY\0.0 C\ ~ f () () ~~e O-t ~ 
~e.tS ~ yf ~a:Ie . 

E P I 
(e) Use some or all of the given data to find a better method for establishing an asking price for your 1988 
automobile. Explain why your method is better. 
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(b) Use Model 2 to establish an asking price for your 1988 automol5i1e.-' 
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e st io n 6 ( a t iv e Ta s coring G uideline 

4 Com pl e Re pon e 

I.	 orrectl f cstim: [\:: he ski g price in dollars or at 

least rwo of the: (hi c mod Is, including back 
tran f rrni ll~ rh pr di red Yah for at lea t one of 

models b r c. 

:1.	 Price« -5.'. 1 'r O.7 19( ) '" 5,,72
 
askir g price is 5,172
 

b.	 Ln(pricc) '" · 14.9 + 0.185(88) e:: 1.380 
expC 1.38) ,,3.97 9 
askingprice » ",3.975 

c.	 Sqn(prke) '" · 13.3 -I- .1-6Wl) ee 2. 188 
(2.188)2= .7 73 
asking price .. 4,7 

II.	 Describes the I a one min cobe the non­
lin ar pattern in rh .n rplot or .dual plot for 

:tIl rhre 01 d. 

3 Su st antial R spon e 

r i o d on .of rh • f1)110\ 'ing sa ri actorily: 

II Parr I ( ~or e ample, 
the pre j don) 

y filiH19 to back r • nsforrn 

II describe the III jor shortcom ings ofthe three: 

models 

a justifY why rhe new model i better (for example, 
by failing to comment on the residual plot) 

2 Developing Respons e 

Fail. to do one of ih 0 110 in sarisf: torily: 

Parr I and d scrib . the rna] r hortcomings of the 
three models 

Part l nd jtllify \ hy rh n w m del i berrer 

sug est n w rno lei and justify it 

..
 
Fit a simple lin . r In I I ,lhct cl e first 0 Of rhree
 
yc:ars are ( tOPI' d.
 1 inimal Response 
(R' "" .978 wirh lirrle p:ttt rn ill rhc residuals afrer 

ives c rrecr respon to ne 0 . the items 1, Il , or 1Il dropping 79. ,,2 an 84.) 
a ove, Note: Swdems can or get IV correct without 

Pic separate lineal!' models to the etldicr and lara firsr ped fying a new model. 
yents.
 

(R' '" .985 for th years 86 10 9.3. 'li th little pattern
 

ill the residunls.)
 

~i( a mo lei chat m;mp s tc model thecurvaru in
 
til dura. For example, fira quadratic model (0 all of
 
the data.
 
(R1 = .97. virh link- pan rn in he esiduals f, r a
 
quadrati ' mod I.)
 

IV.	 \I rifies \ h: this mod I is b rrer. For example, 

comments hal rl re i ll , tr rn in the rcsidu: s 

as seen from looking at 1 fi ned mod I 011 th 
scanerplor or m 1 okin l the r sidi 1plor. 



Chapt.er 5.1 "FRA~PY" 
{Free Response AP Problem•••Yay~;} 
The following problem is taken from an actual Advanced Placement Statistics Examination .
 
Your task is to generate a complete, concise statistical response in 15 minutes. You will be graded
 
based on the AP rubric and will earn a score of 0-4. After grading, keep this problem in your binder
 
for your AP Exam preparation.
 

At a certain university, students who live in the dormitories eat at a common dining hall. Recently, come 
students have been complaining about the quality of the food served there.The dining hall manager decided to 
do a survey to estimate the proportion of students living in the dormitories who think that the quality of the 
food should be improved. One evening, the manager asked the first 100 students entering the dining hall to 
answer the folloWingquestion. 

Many students believe that the food served in the dining hall needs improvement. Do you 
think that the quality of food served here needs improvement, even though that would 
increase the cost of the meal plan? 

__Yes __No __No opinion 

(a) In this setting, explain	 how bias may have been introduced based on the way this convenience sample was 
selected and suggest how the sample could have been selected differently to avoid that bias.

Scoring: 

E P I 

\ V\.l.. N\~V\"-~ Y ~"" "",-\.d \\.&\ K ~G."" A 5.tS 

b.ol ('I\\~ "'S\~<'Us I 

(b) In this setting, explain	 how bias may have been introduced based on the way the question was worded and 
suggest how it could have been worded differently to avoid that bias. 
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Question 2 (cont'd.) 

Part (b) is essentially correct if the response 

I. points out at least one of the two possible prob lems with the question wording
 
') proposes reasonable alternate wording that addresses the concern(s) raised .
 

Note : The student only needs to identify one prob lem and take care of it. If on ly one of the two wordin g 
concerns is raised , the alternate wording need only address the one wording prob lem . However, if the 
student identifies both problems, appropriate alternate wording must be provided for both problems. 

Part (b) is partiall y correct if the respo nse 

identifies one or both of the potential wordi ng problems, but does not propose a new wording that 
adequately addresses an identified problem. 

Part (b) is incorrect if the response 

points out both wording prob lems, but then argues that the question wording is OK as is because the 
biases are in opposing directions and so will ba lance each other. 

4 Complete Response 

Both parts essentially correct 

3 Substantial Response 

One part essentially correct and the othe r part partially correct 

2 Developing Response 

One part essentially correct and the other part incorrect
 
OR
 
Both parts partiall y correct
 

Minimal Response 

One part partially correct 

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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Scoring: 

E P I 

Ohapter 5.2 "FRAPP'Y" 
{Free Response AP Problem•••Yayn 
The following problem is taken from an actual Advanced Placement Statistics Examination. 
Your task is to generate a complete. concise statistical response in 15 minutes. Youwill be graded 
based on the AP rubric and will earn a score of 0-4. After grading. keep this problem in your binder 
for your AP Exam preparation. 

A manufacturer of boots plans to conduct an experiment to compare a new method of waterproofing to the 
current method.The appearance of the boots is not changed by either method.The company recruits 100 
volunteers in Seattle. where it rains frequently. to wear the boots as they normally would for 6 months.At the 
end of the 6 months. the boots will be returned to the company to be evaluated for water damage. 

(a) Describe a design for this experiment that uses the 100 volunteers. Include a few sentences on how it 
would be implemented. 

(b) Could your design be double blind! Explain. 

\fJ( Ct { ;"S +0 s'vlee,s YIVY'"E P I ~e~~·u '1'N 
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Question 2 

Solution 

Part (a): 
A paired design is used in which each subject receives a pair of boot s where one boot is treated with the 
new method and the other with the current method. 

Subjects should be randomly assigned to one of two groups. Group I would have the new 
method applied to the right boot; group 2 would have the new method appli ed to the left boot. 
OR 
For each subject, wheth er the new method is applied to the right or left boot is determined at 
random. 

OR
 
A crossover design is used in which each subject receives a pair of boots, both of which were treated
 
with one treatment. The boots are used for three months and then exchanged for a second pair of boots,
 
both of which were treated with the other treatment. These boots are then used for the next three months.
 

Subjects should be randomly assigned to one of two groups. One group receives boots with the 
new treatment first and the other group receives boots with the current method first. 

NOTE: Additional appropriate blocking schemes are considered extraneous. 

Part (b): 
The design could be double blind, as long as both the subjects and the person evaluating the boots for 
water damage do not know which boots were treated with the new method and which were treated with 
the current method . 

NOT E: If the student does something unexpected in part (a) and gives a design that actuall y cannot be 
double blind , then part (b) could be considered correct provided the response explains why the design 
could not be double blind. 

Scoring 
A student respons e is scored as E (essenti ally correct), P (partially correct), or I (incorrect) for each of the 
following key elements : 

I . Design 
• E - paired design (may be described as blocking on individual) or crossover design 
• P - 2 or more groups (e.g., Completely Randomized Design) 
• I - no grouping or grouping with no treatments specified 

2. Implementation: Randomization appropriate to the design 
• E - Written description of appropriate randomization 
• P - Incomplete or incorrect description of randomization 
• I - No description of randomi zation
 
NOTE: (1) Diagram alone can be scored at most a P .
 

(2) The randomization must apply to the allocation or assignment of subjects to the 
treatment groups or the allocation of treatments to the subj ects . 

(3) Randomization to select the 100 volunteers without assignment to the treatment 
groups is scored an l. 

Copyright © 2002 by College Entrance Examination Board . All rights reserved .
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Question 2 (cont'd.) 

3.	 Double blind: Explanation in parts (a) and/or (b) that shows understanding of what it means for 
an experiment to be double blind . 
•	 E - response indicates that blinding applies to both the evaluator and subjects. 
•	 P - response recognizes that blinding app lies to the subjects and at least one other party, 

whether or not they think that this can be accomplished; the other party may not be 
correctly identi tied. 

•	 I - response fails to recognize that both the subject and another party must be blinded or is 
missing or irrelevant. 

Score as Design - Randomization - Double Blind 

4 Co mplete Response 

E E E 

3 Substa ntial R esponse 

Anyone of the following com binations: 

EEP PEE PEP*
 
EE l
 
EP E
 

2 Developing Resp onse 

Anyone of the following combinations: 

E P P PE l l E E P E P * 
E P I PPE I P E 
EIE PPP 
E I P PIE 

Minima l Resp onse 

Anyone of the following combinat ions : 

E I ] P P I I E P
 
I E r P I P
 
I I E I P P
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Question 2 (cont'd.) 

o No Credit 

P I I 
I P [ 
I I P 

I I I 

* PEP may be scored as either a 2 or a 3: 
(1) If the description of the randomization only says, "Random ly allocate", then score P EP a 2. 
(2) If the description of the randomization says, "Randomly alloca te", but also contains greate r detail 

abo ut the randomization or the inclusion of blocking in the des ign or other statis tical thinking, then 
score PEP a 3. 

Copyright © 2002 by College Entrance Examination Board. All righ ts reserved.
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Scoring: 
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Chapter 6a "FRAPPY" 
{Free Response AP Problem•••Yay~ ;} 
The following problem is taken from an actual Advanced Placement Stat istics Examination.
 
Your task is to generate a complete, concise statistical response in 15 minutes. You will be graded
 
based on the AP rubric and will earn a score of 0-4. After grading, keep this problem in your binder
 
for your AP Exam preparation.
 

A simple random sample of adults living in a suburb of a large city was selected.The age and annual income of 
each adult in the sample were recorded.The resulting data are summarized in the table below. 

I Annual Income 

Age Category $25,000-$35 ,000 $35,001 -$50,000 Over $50,000 Total 

21-30 8 15 27 50 

31-45 22 32 35 89 

46-60 12 14 27 53 

Over 60 5 3 7 15 

Total 47 64 96 207 

(a) What is the probab ility that a person chosen at random from this sample will be in the 31-45 age category? 

?( 3\-~5J -= roa./~01 ~ 6 · 4 1..C\ ct S-

(b) What is the probab ility that a person chosen at random from those in this sample whose incomes are over 
$50,000 will be in the 31-45 age category? Show your work. 

(c) Based on your answers to parts(a) and (b), is annual income independent of age category for those in this 
sample? Explain. 

? t:, \ -45"") -t- ?(3\-l.\S"! "/5'0,0:0")
 

() ,L\'2~ct) f
 

oCj- lo.ky~ )
 
-\-v ~ 3 \-'-\\
 

Total:---.l4
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Question 2 

Solution 

89Part (a): P(age 31- 45) = 207 = 0.42995 

Part (b): P(age 31- 45 1incom e over 50,000) = ~~ =0.36458 

Part (c): 

Tfannual income and age were independent, the probabili ties in (a) and (b) would be equal. Since these 
probabilities are not equal, annual income and age category are not independent for adults in this sample. 

Scoring 

Part (a) is scored as either essentially correct (E) (may be minor arithmetic errors) or incorrect (1) . 

Part (b) is 

Essentially correct (E) if the conditional probability is correctly calculated. 

Partially correct (P) if the student reverses the conditioning, calculating 

P(income over 50,000 Iage 31 - 45) = ~~ = 0.3933 

OR 

calculates the correct probability for the wrong column, e.g., ~; 

Incorrect (I) if the student calculates the joint probability: ~g7 = 0.169 

Part (c) is 

Essentially correct (E) if the student 
I .	 indicates that the two variables are not independent 

AND 
2.	 the explanation is tied to the fact that the probabilities in part s (a) and (b) are not equal (the answer 

must be based on parts (a) and (b)) 

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
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Question 2 (cont'd) 

Partially correct (P) if the student indicates that the two variables are not independent, but the explanation 
is incorrect, or is not based on the answers to parts (a) and (b); i.e., performing new correct calculations 
instead of referring to those in parts (a) and (b). For example: determining the probability of the 
intersection and comparing to the two individual probabilities 

67( ~~7 = 0.169, which does not equal ;0 . 28~7 = (0.43)(0.46)), reversing conditions 

67
( e.g., ;0 = 0.464, which does not equal ~~ = 0.393), or other conditional probability comparisons. 

Incorrect (I) if the student fails to give a numerical justification to support the argument.
 
OR .
 

Incorrect if the student does one of the following 
• performs an incorrect additional calculation 
• says the variables are independent based entirely on the context. 

• performs a chi-square test (X 2 = 5.38, p-value = 0.496) since this addresses independence in the 

population instead of the sample
 
• only states "yes, independent" with no justification
 

NOTE: If either of the probabilities calculated in (a) or (b) are incorrect, part (c) should be scored as if 
those probabilities were correct. For example, if the student incorrectly calculated the same answer for 
parts (a) and (b), part (c) would be scored as correct if the student states that you can't tell if the two 
variables are independent because you would need to check all age-gender combinations. 

4 Complete Response (EEE) 

All three parts essentially correct 

3 Substantial Response (EEP, EPE, EPP, lEE) 

Part (a) essentially correct and parts (b) and (c) at least partially correct 
OR 
Part (a) incorrect and parts (b) and (c) essentially correct 

2 Developing Response (EEl, EIE, EPI, EIP, IEP, IPE, IPP) 

Part (a) essentially correct and one (but not both) of parts (b) and (c) correct 
OR 
Part (a) incorrect and both parts (b) and (c) at least partially correct 

Minimal Response (Ell, IPI, lIP, lEI, lIE) 

Part (a) essentially correct and parts (b) and (c) incorrect 
OR 
Part (a) incorrect and one of parts (b) and (c) partially correct 
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Chapt.er 6b "FRAPFY" 
{Free Response AP Problem•••Yay~:} 
The following problem is taken from an actual Advanced Placement Statistics Examination.
 
Your task is to generate a complete, concise statistical response in 15 minutes . You will be graded
 
based on the AP rubric and will earn a score of 0-4. After grad ing,keep this problem in your binder
 
for your AP Exam preparation.
 

Airlines routinely overbook flights because they expect a certain number of no-shows.An airline runs a 5 P.M. 
commuter flight from Washington, D.C., to New York City on a plane that holds 38 passengers. Past experience 
has shown that if 41 tickets are sold for the flight, then the probability distribution for the number who actually 
show up for the flight is as shown in the table below. 

---... 
Number who 

actually show up 

Probability 

36 

0.46 

37 

0.30 

38 

0.16 

39 

0.05 

40 

0.02 

41 

0.01 

Assume that 41 t ickets are sold for each flight. Scoring: 
(a) The re are 38 passenger seats on the flight.What is the probabil ity that all passengers who show ~or this 

flight will get a seatl 1p (~9\o,.u \-.4 '(.) =Bb) -­~(C\\\qd- C\ ~eC\t-J ~ 
E P I o·.tt(gr O 1201 . JCo::- , Cfz. 

(b) What is the expected number of no-shows for this flightl 

~ '('\0 ~ oVJS -= Y1- ;:F eh<J'AJ t.:p 

\l~f\0 & '? t.\ ~ z: \ D 
E P I ~ 0 0"; 0 D2. 0 aD I 

1!YYJ OA0 0'0 0·\'0 ' . . );-1 (. DL)TOCOl)
Y'-' ~ e- ()(") -= 5 (.~CJ;.l\(. O) -T ?J.~\I) '"' ~ . OS": . ~ '-L I 

(c) Given that not all passenger seats are filled on a flight,what is the probability that only 36 passengers 
showed up for the flight! 

?(5k, () ~~ 
:- 9(~~W)E p I 

~::1:>- • lcbS3 

-
Total:~4
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Question 2 (cont'd.) 

Scoring 

Part (a) is 

Essentially correct if computes P(X ~ 38) (except for minor arithmetic errors) 

Partially correct if computes P(X = 38) = 0.16 or P(X > 38) = .08 or P(X < 38) = 0.76 or 
p(X ~ 38) = 0.24 or gives 0.92 but does not show any work. 

9
Incorrect if no calculation or nonsensical calculation (e.g ., 0.921, ~~ =0.927, 3;8 =0.971 ) or 

only pure expected value calculations. 

Part (b) is 

Essentially correct if (except for minor arithmetic errors) correctly computes expected value for 
number of no shows and indicates fully where the 36.9 and 4.1 come from. 

Rounding this value to 4 is considered a minus, though can be forgiven with "about" or 
"approximately." 

Partially correct if correctly computes expected value ofX = number of
 
passengers who show up for the flight (instead of no shows) and shows work,
 

OR if incorrectly computes the first expected value but "subtracts,"
 

OR if correctly computes the first expected value but "subtracts" from the wrong number,
 

OR if does not show work for 36.9 but subtracts to get 4.1.
 

Incorrect if is not an expected value or does not use all six outcomes in the expected value.
 

Part (c) is 

Essentially correct if correctly computes the conditional probability. Complete notation could 
be considered a "plus." 

Partially correct if correctly computes P(X =36 1X < 41) = ~::~ =0.465 or 

P(X =361 X ~ 38) = ~:~~ =0.5 or incorrectly tries to solve the conditional probability (e.g. , 

multiplies probabilities in numerator). 

Incorrect if an unconditional probability is computed. 
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Question 2 (cont'd.) 

4 Complete Response 

Essentially correct on all three part s. 

3 Substantial Response 

Essentially correct on two parts and part ially correct on the other part or incorrect on (a) 
and essentially correct on (b) and (c). 

2 Developing Response 

Essentially correct on two part s and incorrect on the other (except lEE - see above).
 
OR
 
Essentially correct on one part and partially correct on the other two parts.
 
OR
 
Partially correct on all three parts.
 
OR
 
Essentially correct on one part, partial on another, and incorrect on a third part.
 

1 Minimal Response 

Essentially correct on one part and in correct on the other two parts.
 
OR
 
Partially correct on one or two parts and incorrect on the other.
 
PH should be graded holistically (needs something elsewhere for a I) .
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Scoring: 

E P I 

E P I 

E P I 

E P I 

Total:---I4 

Chapter 7.1 '''FRAPPY'' 
{Free Response AP Problem•••Yay!(} 
The following problem is taken from an actual Advanced Placement Statistics Examination. 
Your task is to generate a complete, concise statistical response in 15 minutes. You will be graded 
based on the AP rubric and will earn a score of 0-4. After grading, keep th is problem in your binder 
for your AP Exam preparation. 

A department supervisor is considering purchasing one of two comparable photocopy machines, A or B. 
Machine A costs $10,000 and Machine B costs $10,500 .This department replaces photocopy machines every 
three years .The repair contract for MachineA costs $50 per month and covers an unlimited number of 
repairs .The repair contract for Machine B costs $200 per repair. Based on past performance, the distribution 
of the number of repairs needed over anyone-year period for Machine B is shown below. 

o 2 3Number of Repairs 

0.50 0.25 0.15 0.10 Probability 

You are asked to give a recommendation based on overall cost as to which machine,A or B,along with its 
repair contract, should be purchased.What would your recommendation be? Give statistical justification to 
support your recommendation. 

_ oC,'5J-\" \L. 2.S-J-t- '2..( .\')) t 3(.\) 

2>5" 
e&J ~ ~\sS"E('ff-(!~; (S OJU' ?J 

+ - LU',c\vc1 ; ~ ~: ~) 
t'J\ o.CJ' iA{.. A ~\ CCf5 ­

C?> y-ecrr~ E6(e~~ I S ) 
-::: 

$\0\ 000 +- 5S0(3t.")
 

$\\)1CO
 

l\ Y'cJ.uJ~ ~l/e ~t\'tS ) 
~ ~ O~~ 7t'0o. c'v\',C\(.. 

( ca:Jr o: ~ ()lAi f S') 

\O}SOOO + 100 ~a.~) -= 

-1 \\ ,0\0 

0 \ 5\ n(.t 

',S \~ . 

''('(\<AOA'\ l\e, 
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Question 2 - Solution 

For A: 

Total 3-year cost: $10,000 + 36($50) = $10,000 + $1,800 = $11,800 
This cost is fixed. 

For B: 

Expected number of repairs in 3 years = 3[0(.5) + 1(.25) + 2(.15) + 3(.1)] = 3(.85) = 2.55 
Expected cost of repairs in 3 years = 3($200)(0.85) = $510 
Expected 3-year cost = $10,500 + $510 = $11,010 

Choice: 

Choose B because it has a lower expected (or average) cost. (A has a fixed cost that is $790 ($11,800­
$11,010) higher than the expected cost of B.) 

Scoring 

The solution should include the following four elements: 

I.	 Correct calculation of 3-year cost for A. 
2.	 Correct calculation of a relevant expected value for B (expected number of repairs per year or per 

3 years or expected cost of repairs per year or per 3 years). Calculation of expected value must be 
shown. 

3.	 Correct calculation of expected total cost for B. 
4.	 Choice of B with a complete and coherent explanation that is based on student's prior calculations 

for A & B. 
"Complete and coherent" means that: 

• costs for A & B are compared
 
AND
 
•	 B's cost has been indicated as "expected" or "average" or "mean" or "estimated" or 

"approximate" or "predicted," etc . 

4	 Complete Response 
Solution includes all four of the required elements. 

3	 Substantial Response
 
Solution includes three of the required elements.
 

2 Developing Response 
Solution includes two of the required elements. 

1 Minimal Response 
Solution includes one of the required elements. 
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Question 2 (cont'd .) 

Notes : 

1.	 If calcu lations are based on l -year costs rather than 3-year costs, and then the student chooses A with 
explanation, the student can earn a score of up to 3. 

Total l -year cost for A: $10,000 + 12($50) = $10,000 + $600 = $10,600
 
And for B:
 
Expected number of repairs in 1 year = 0(.5) + 1(.25) + 2( .15) + 3(. 1) = .85
 
Expected cost of repairs in 1 year = $0( .5) + $200(.25) + $400(. 15) + $600(.1) = $170
 
Expec ted I -year cos t for B: $10 ,500 + $170 = $ 10,670
 

2.	 If initia l purchase prices are omitted from the calculations, the student can earn a score of up to 3. 

3.	 Rounded calculations_of the expected number of repairs for B: Ifa student rounds the expected 
numb er of repairs per year (.85) to 1, or rounds the expected number of repairs in 3 years (2.55) to 3, 
the maximum score is a 3. If the student ident ifies the rounded value as an upper bound on the 
expected cost, the paper may earn a maximum score of4. 

4.	 If choice of A or B is not based on expected cost for B, the student can sti ll present a complete 
response. To earn 4 points with this solution, relevant and complete statistical reasoning must be 
demonstrated. This solution must include: 

a. Decision based on break-even analysis: 

1 point -- Correct calculation of 3-year fixed cost for A ($ 11,800) 

1 point -- Correct calcu lation that 7 or more repa irs in the 3-year period would be necessary for 
B ' s cost to exceedA's 3-year cost 

1 point -- Says or calculates that the probability of7 or more repairs for B is small and therefore 
chooses B, 

OR 
Chooses A because the probability of 7 or more repairs for B is no t 0 and they want to 
guar d against the possibility of paying more for B than A's fixed cos t 

1 point -- Correctly calc ulates that the probability of7 or more repairs for B is 0.0 1975 (or about 
0.02, or about 2 percent of the time B's cos t will exceed A's cos t) 

AND 
States that this analysis depends on the assumption that repairs from year to year are 
independent 
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Question 2 (cont 'd.) 

b. Decision based on minimax analysis may earn a maximum of 3 points: 

1 point -- Correct calculation of 3-year fixed cost for A ($11,800) 

1 point -- Correct calculation of range of possible 3-year costs for B
 
$10,500,:::: cost ofB':::: $12,300
 

AND 
Pro bability calculation showing that chance of observing maximum cost is small 
(e.g., 0.001 or 0.1 percent that B costs $ 12,500, assuming independence) 

1 point -- Relevant statistical justification for choice of A or B: 

Gives convincing reasoning for minimizing maximum cost (minimax) and therefore chooses A. Stud ent 
might argue, for example, that a company may prefer a known fixed cost to a variable cost that could be 
smaller but also has the chance of being larger. 
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Scoring:
 

E P I
 

E P I 

E P I 

Chapter 7.2 "FRAPi?Y" 
{Free Response AP Problem•••Yay~i} 
The follow ing problem is taken from an actual Advanced Placement Stat istics Examination.
 
Your task is to generate a complete, concise statistical response in 15 minutes . You will be graded
 
based on the AP rubric and will earn a score of 0-4. After grading , keep this problem in your binder
 
for your AP Exam preparation.
 

There are 4 runners on the New High School team.The team is planning to particip ate in a race in which each 
runner runs a mile.The team time is the sum of the individual times for the 4 runners.Assume that the 
individual times of the 4 runners are all independent of each other.The individual t imes, in minutes, of the 
runners in similar races are approximately normally distributed with the following means and standard 
deviations. 

Standard Deviation 

0.15 

0.16 

0.14 

0.15 

(a) Runner 3 thinks that he can run a mile in less than 4.2 minutes in the next race. Is this likely to happen? 

~ (X~ 4.1.)~ ?( 2 c; ~\~~ ~S) 
? (1.. <.. - ~, \1..\ J 

~ 0 .0\ tJ) 
rJI r, 1_ , v., ,, ,, ~.,. 9-u<w'\-e-< 3 w.U\, (cl Iv \.... YW' f ...... 

\ f' (f j\')~ t'\ q., '2 (Y'\ i ('\l"oI\t'.s. ~\S l~ nll>+-­
I " .,>::' "oJ ~ \ \U '" t 

(b) The distribution of possible team times is approximately normal.What are the mean and standard deviation 
of this distribution? 

~/-ft~rI1 = ~, q+- 4, 7 t 4. ')1 '-I ,Be: 1(3. q 
-nrtJ-e... 

rrft~M -h~ -e: r, f) ~ -t ,1£P'Z-+.I4"Z+ .I5;2. :::[O.c;q02 -= 0.3003 

(c) Suppose the team's best t ime to date is 18.4 minutes. What is the probability that the team will beat its own 

best t ime in the next race? _ a e...11 \1\.. Pt __I~ -h'1'Y'elY'?l-t>Ak- ~ -ti m e J If' a _ 

Total:~4
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Question 3 (cont'd.) 

Scoring 

Each part is sco red as essentially correct (E), partially correct (P) , or incorrect (I) . 

Part (a) is essentially correct if: 
the probability is calculated correctly, it is correctly assessed as unlikely, and the 
justification is acceptable 
OR 
the student does not compute the probability, but appeals to the fact that a time of 4.2 
minutes is more than 2 standard deviations below the mean of a normal distribution and 
then uses this information to reach a conclusion with appropriate communication. 

Part (a) is partially correct if: 
the prob ability computed is not correct (for example, P(z > -2.14) or P(z < +2.14) might 
be computed), but the given probability is correctly assessed 
OR 
an argument is based on the number of standard deviations from the mean without 
invoking normality. 

Part (b) is essentially correct if both the mean and the standard deviation of the team time 
distribution are correctly computed (except for purely arithmetic mistakes) . 

Part (b) is partially correct if only one of these is correctly computed (except for purely 
arithmetic mistakes). 

CAUTION: A standard devia 'on of.3 (mrfnerically correct) can arise from this incorrect 

I I 0 <015+,1,44'15) 0 ~_ \ 
ca cu anon : = .3 \ .~ yD ,....,S~ It\. --Ve: 0 (y\..) \S \I\lVVV ~ 

Part (c) is essentially correct if the probability is correctly calculated using a mean which is 
either correct or carried from (b) as well as a standard deviation which is either correct or carried 
from (b). 

Part (c) is partially correct if: 

both the mean and standard deviation are correct or carried from (b), but the computed 
prob ability is incorrect 
OR 
the mean or standard deviation is inco rrectly derived from (b) but the subsequent 
probability calculation is correct. 
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Question 3 (cont 'd.) 

4	 Complete Response 

All three parts essentially correct. 

3	 Substantial Response 

Two parts essentially correct and one part partially correct. 

2	 Developing Response 
Two parts essentially correct and no parts partially correct. 
OR 
One part essentially correct and two parts partially correct. 
OR 
One part essentially correct and one part partially correct. 
OR 
Three parts partially correct. 

Minimal Response 
One part essentially correct and zero parts partially cor rect.
 
OR
 
No parts essentially correct and two parts partially correc t.
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Chapter 8 "FRAPPY" 
{Free Response AP Problem•••Yayn 
The following problem is taken from an actualAdvanced Placement Statistics Examination. 
Your task is to generate a complete, concise stat istical response in 15 minutes. You will be 
graded based on the AP rubric and will earn a score of 0-4. After grading, keep this problem in 
your binder for your AP Exam preparation. 

Every Monday a local radio station gives coupons away to 50 people who correctly answer a 

question about a news fact from the previous day's newspaper. The coupons given away are 

numbered from 1 to 50, with the first person receiving coupon I, the second person receiving 

coupon 2, and so on, until all 50 coupons are given away. On the following Saturday, the radio 

station randomly draws numbers from I to 50 and awards cash prizes to the holders of the 

coupons with these numbers. Numbers continue to be drawn without replacement until the total 

amount awarded first equals or exceeds $300. If selected, coupons I through 5 have a cash value of 

$200, coupons 6 through 20 have a cash value of $100, and coupons 21 th rough 50 have a cash 

value of $50. 

a)	 Explain how you would conduct a simulation using the random number table provided
 
below to estimate the distribution of the number of prize winners each week.
 

\ W I\\ Moc\d ? l ':,"'-~'11'O-0 t Ic k +- bi t> ivb ''J 'Z -."t:~l+- .S 00''19, 
01-50 re~rt"~ f) -\- 'fv\(.\r CO'('(t' -:.p C1C"\A I~ ;-; t..\u..\-- ~lS. (CD \Ml\jSl-9""t 

~ ~V\~J ')	 Q:> 5l-qq ) 

Scoring:
 

E P I
 

E P I
 

vY\'c(.,~ VJ"~\ ~ c~ (\9~"\ (,,?"~ .,.,. r-cJ 7 v6 
~ ol"Y\O..X\-r ~ _ as· eWYl'l ~~~1 ~?1~ N 

(\O\-~""~ "h-- . ~ ArYlOX1-t- a.~ roocJ ,,~~ 
'N~ v-' \\ \ Cc.X\ ~"N.r' "'ic..~\~ #Is ()I)h \ 

or QXLUdS .3a::>.	 0 .1 ,4, :11 'q W, '"""",g _ 
-\o~ "*- O ~t:" V \:J \ "f :s V' ~ I • 

4. ~ v-e~11~~ \J O'~ -:.~ ~ ' .J -.1... lo+­
nn_ 4..- I ('("\~ '"'-l -j,I"Y\...-$ a ",J.- ~'I...Al o> .e>.. o-vTC •-""','5 v... ~ ~~ t1'n\\ 

b)	 Perform your simulation 3 times. (That is, run 3 trials of your simulation.) Start at the 
leftmost digit in the first row of the table and move across. Make your procedure clear so 
that someone can follow what you did. You must do this by marking directly on or above 
the table. Report the number of winners in each of your 3 trials. ~ 

11Jth.\~ IO~ LW ]JJ ~ttA -M'""'" ..... Z- :::3 &.-oJ\'n «SJd 
-hoot " a {D tJtJ 5U ~ ~ !7V1~ -N-IA#v 2- ::: 3' WIY'Y\ 

7V~ 7 0 0 ~ 8 't 9953 74674 94617 13317 . \ 

~~A1 I ;; ~ yJ i I'W,fl s 
81638 36566 42709 33717 59943 12027 46547 61303 46699 76423 

38449 46438 91579 01907 72146 05764 22400 94490 49833 09258 

i 

•
,	

...
\	 ~ 7(:	 ~ <;


(;) Z- ~ Y 

Total:~4
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Question 3 - Solution 

Part (a): 

1.	 Scheme: Obtain a two-digit random number from the random number table. If it is between 01 
and 50 , use it to represent the selected ticket. Ignore numbers 00 and 51 - 99 . 

2.	 Stopping Rule: Determine the amount of the prize associated with the chosen ticket, and add this 
amount to the total amo unt awarded so far. If the total amount awarded so far is less than $300, 
repeat this process . 

3.	 Count: No te the total number of winners. 
4.	 Non-Replacement: Ignore any ticket number that has already been awarded a prize in thi s trial. 

Repeats steps 1 - 4 above a large number of times. 

Note: It is OK to also devise a scheme that uses 2 two-digit numbers to represent each ticket (for 
example, Oland 51 both representing ticket 1; 02 and 52 both representing ticket 2; etc .) that also 
addresses the issue of assigning 2 two-digit numbers to each coupon correctly. 

Part (b):
 

Solution will depend on answer to part (a).
 

For example, usin g scheme above:
 

Tri al 1 

72 
74 
9 1 
33 
47 
65 
03 

Ignore 
Ignore 
Ignore 
50 
50 
Ignore 
200 

0 
0 
0 

50 
100 
100 
300 

To tal number of winners: 3 

Trial 2 
Total so far 

02 200 200 
61 Ignore 200 
28 50 250 
48 50 300 

Total number of winners: 3 

Trial 3 
Total so far 

06 100 100 
70 Ignore 100 
29 50 150 
04 200 350 

Total number of winners: 3 

Students should perform 3 trials. You will have to look at each student response carefully. Some 
will continue on 1st row, some will use 2nd row for second trial, etc. 

Scoring 

There are five components to the solution of this problem: 

1.	 Scheme: must include a clear, corr ect statement of the assignment of two-digit random numbers 
to the coupon numbers (and/or values) AND clear directions as to how the tabl e is to be used in 
the simulation. 

2.	 Stopping Rule: must state that the trial ends when a total value of $300 is attained or exceeded. 
3.	 Count: must state or demonstrate that the number of winners is the outcome of the simulation. 
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Question 3 (cont'd.) 

4.	 Non-Replacement: must state that coupon numbers chosen cannot be used more than once in the 
same trial. 

5.	 Execution of #1 and #2: must demonstrate a correct execution of a scheme with a stopping rule . 

•	 Credit for components #1 and #2, is given for statements in part (a). 
•	 Credit for component #3 and/or #4 may be given for statements or demonstrations in 

parts (a) or (b). 
•	 Credit for component #5 is given for a clear demonstration in part (b). 

Scoring Guide: 

4	 Complete Response
 
Essentially correct on all five components.
 

3	 Substantial Response
 
Essentially correct on four of the five of components.
 

2	 Developing Response
 
Essentially correct on three of five components.
 

1	 Minimal Response
 
Essentially correct on component #5 only
 
or
 
Essentially correct on any two of the other components.
 

One INCORRECT solution is to use the random digit 1 to represent a $200 prize, random digits 2, 3, and 
4 to represent a $100 prize, and random digits 6, 7, 8, 9, and 0 to represent a $50 prize. 

Then a trial might look like	 number amount total so far 
7 50 50 
2	 100 150 
7 50 200 
4	 100 300 

A student using this scheme can merit at most a score of 2 for the entire problem. 
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