AP® STATISTICS
2010 SCORING GUIDELINES (Form B)

Question 3

Intent of Question

The primary goals of this question were to assess students’ ability to (1) recognize binomial distribution
scenarios and calculate relevant binomial probabilities; (2) calculate expected values based on the
binomial distribution and properties of expectation.

Solution
Part (a):
Let X denote the number of correct guesses, assuming that a student guesses randomly among the

five options on all 25 questions. Then X has a binomial probability distribution with » = 25 and

_1_
p—5—0.20.

Part (b):

Let Y denote the number of correct responses on the seven questions for which the student guesses
randomly from among the five options. Then Y has a binomial probability distribution with » = 7 and
p = 0.20. Then the expected value of Y, E(Y) = np = 7(0.20) = 1.4 correct responses.

Next, using the scoring formula provided,
Score = (18 +Y)—0.25(7-Y) + 0(0) =16.25 +1.25Y .

The expected exam score is therefore:
E(Score) = E(16.25 +1.25Y) =16.25 + 1.25E(Y) =16.25 +1.25(1.4) =16.25 +1.75 = 18 correct

responses.
Part (c):

Let Y be defined as in part (b). The student passes when Score > 20, which means that

16.25 +1.25Y > 20, which means that ¥ > 20-1625 1_212'25

must get three or more correct from the seven questions on which the student guesses.

= 3. In other words, in order to pass, the student

Y has a binomial probability distribution with » =7 and p = 0.20, so

P(Y23)=1-PY<2)=1- [((7))(.2)0(.8)7 + (D(.z)l (.8)° + (g(.z)z(.s)s} =1-0.852=0.148.

Scoring

Parts (a), (b) and (c) are each scored as essentially correct (E), partially correct (P) or incorrect (I).
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Question 3 (continued)
Part (a) is scored as follows:

Essentially correct (E) if the response identifies the correct type of probability distribution (binomial)
AND identifies the two parameter values, n = 25 and p = % = 0.20, correctly. There are two

components: naming the probability distribution and identifying the two parameter values.

Partially correct (P) if the response correctly identifies only one of the two components (either the name
of the probability distribution or the parameter values).

Incorrect (I) if the response neither correctly names the distribution nor identifies both parameter
values correctly.

Note: Notation such as B(25,0.2) will be scored as essentially correct (E) for this part.

Part (b) is scored as follows:

Essentially correct (E) if the number of trials, n, and the binomial probability of a success p for Y (the
number of correct guesses) are used to find the expected value of ¥, E(Y), and if the correct expected

exam score is calculated using E(Y). There are two components: calculating E(Y) and calculating the
expected exam score.

Partially correct (P) if only one of the two components is correct.
Incorrect (1) if neither component is correct.

Part (c) is scored as follows:
Essentially correct (E) if the response specifies that three or more correct guesses are needed and the
binomial probability is calculated correctly. There are two components: correctly identifying the
required probability and correct calculation of the probability.

Partially correct (P) if only one of the two components is correct.

Incorrect (I) if neither component is correct.
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Question 3 (continued)

Complete Response

All three parts essentially correct
Substantial Response

Two parts essentially correct and one part partially correct
Developing Response

Two parts essentially correct and one part incorrect
OR

One part essentially correct and one or two parts partially correct
OR

Three parts partially correct
Minimal Response

One part essentially correct and two parts incorrect

OR
Two parts partially correct and one part incorrect
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3. A test consisting of 25 multiple-choice questions with 5 answer choices for each question is administered.
For each question, there is only 1 correct answer.

(a) Let X be the number of correct answers if a student guesses randomly from the 5 choices for each of the
25 questions. What is the probability distribution of X ?

The Drondoiltry Aistloution 1S a binomigl distribon wikh
O SR e of 2S5 ond o 2 probability of Success.

This test, like many multiple-choice tests, is scored using a penalty for guessing. The test score is determined
by awarding 1 point for each question answered correctly, deducting 0.25 point for each question answered
incorrectly, and ignoring any question that is omitted. That is, the test score is calculated using the following

formula.

Score = (1 x number of correct answers) — (0.25 X number of incorrect aﬁ‘swers;) + (0 X number of omits)
For example, the score for a student who answers 17 questions correctly, answers 3 questions incorrectly, and

omits S questions is
‘ Score = (1 x17) — (0.25 x 3) + (0 x 5) = 16.25.

(b) Suppose a student knows the correct answers for 18 questions, answers those 18 questions correctly, and
chooses randomly from the 5 choices for each of the other 7 questions. Show that the expected value of the
student’s score is 18 when using the scoring formula above.

Expecred number of (orredy quesTions =K+ ‘%‘x‘l S \&
Expected  number o incorvect QUesTions = %ﬂ - S.b

E&Q&(‘iree\ Lwhre = (\k\Q &) - ® \)Sag\b) + (Owd) - B&a - v =\%

TEYREOR, e Gupder's Lepecy ed D@ =\e

GO ON TO THE NEXT PAGE.
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(c) A score of at least 20 is needed to pass the test. Suppose a student knows the correct answers for
18 questions, answers those 18 questions correctly, and chooses randomly from the 5 choices for each
of the other 7 questions. What is the probability that the student will pass the test?
. . %
* Owt of e 1 questitrs quesed, +e crugent must Qg of
/o\east 3 cotreck (0SUming vhis udent did not kipany
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C vew 7 QUESYIONS.
P(x23) = o0 FE) * 9G4 BB + ¢ @A . 0R)E&) 168
= 0.\43032
Toe  probgphidy  of Fre  SUdENt K ING Fng e

= 0. \48022

S % K e gyden gt
O coviect , Twng o Sove = (Ox1) — (0I5#T) tlor) =15
\ Comedt, byerong = Sove = (%)) -(028x6) +(0%0) = —0OS

2 0w ) g« =) Swmye = (lf.\) *(U‘ZS—"S)*(O‘(\D) = 0ﬂ§
% W a o~ D Xove = (3x1) - (p2s) +(0x0) = 2

1
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{
S W 9 w2 Score =(G«) — (0\15&2)—%{0)&0) )
| 2 = Na [aes) = 89S
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3. A test consisting of 25 multiple-choice questions with 5 answer choices for each question is administerea.
For each question, there is only 1 correct answer.

(a) Let X be the number of correct answers if a student guesses randomly from the 5 choices for each of the

25 questions. What is the probability distribution of X ?
q 3 o-. bu\.o-—u- o{UJ‘r‘[«LJ“w % lace rH-wv, ot "'—vo QLOMCC- wd
each Fruuav\ »\a(lfe«olen} o & each oo
J’M 2 Amennd -3‘ &Aﬂ:Cd-

() ()T

This test, like many multiple-choice tests, is scored using a penalty for guessmg The test score is determined
by awarding ! pomt for each question answered correctly, deducting 0.25 pomt for each questlon answered
incorrectly, and ignoring any question that is omitted. That is, the test score is calculated using the following

formula.
Score = (1 x number of correct answers) — (0.25 X number of incorrect answers) + (0 X number of omits)
For example, the score for a student who answers 17 questions correctly, answers 3 questions incorrectly, and

omits 5 questions is
Score = (1 x 17) - (0.25 x 3) + (0 x 5) = 16.25.

§

(b) Suppose a student knows the correct answers for 18 questions, answers those 18 questions correctly, and
chooses randomly from the 5 choices for each of the other 7 questions. Show that the expected value of the

student’s score is 18 when using the scoring formula above.
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(c) A score of at least 20 is needed to pass the test. Suppose a student knows the correct answers for
18 questions, answers those 18 questions correctly, and chooses randomly from the 5 choices for each
of the other 7 questions. What is the probability that the student will pass the test?
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(- 0.14208 = 0.05792
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3. A test consisting of 25 multiple-choice questions with 5 answer choices for each question is administered.
For each question, there is only 1 correct answer.

(a) Let X be the number of correct answers if a student guesses randomly from the 5 choices for each of the
25 questions. What is the probability distribution of X ?
CONQ(* /\nto(«-('-‘\' i d Pnro«\\“\ D\S\“ \,ﬂ(\d\

¥ - @:@b =sC|(rD (\;)
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This test, like many multiple-choice tests, is scored using a penalty for guessing. The test score is determined
by awarding 1 point for each question answered correctly, deducting 0.25 point for each question answered
incorrectly, and ignoring any question that is omitted. That is, the test score is calculated using the following

formula.

X CART -\uer(e«\"\c \« ADO( vV )

Score = (1 X number of correct answers) — (0.25 X number of incorrect answers) + (0 X number of omits)
For example, the score for a student who answers 17 questions correctly, answers 3 questions incorrectly, and

omits 5 questions is
Score = (1 x17) - (0.25 x 3) + (0 x 5) = 16.25.

(b) Suppose a student knows the correct answers for 18 questions, answers those 18 questions correctly, and
chooses randomly from the 5 choices for each of the other 7 questions. Show that the expected value of the
student’s score is 18 when using the scp/ring formula above.
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(c) A score of at least 20 is needed to pass the test. Suppose a student knows the correct answers for
18 questions, answers those 18 questions correctly, and chooses randomly from the 5 choices for each

of the other 7 questions. What is the probability that the student will pass the test?
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Question 3

Sample: 3A
Score: 4

Parts (a) and (b) of this question are answered clearly, correctly and concisely. In part (c) the response
enumerates clearly the possible scores that can be obtained when guessing on seven questions to justify
the conclusion that at least three questions must be guessed correctly to obtain a score of at least 20. The
probability required in part (c) is calculated clearly and correctly. Parts (a), (b) and (c) were all scored as
essentially correct. The entire answer, based on all three parts, was judged a complete response and
earned a score of 4.

Sample: 3B
Score: 3

Part (a) of this response was scored as essentially correct. The probability distribution is identified by name
and formula, and the parameter values are correctly identified by the formula. In part (b) the expected
number of correct guesses is calculated for the situation where five questions are guessed and two are
omitted, instead of for the described situation in which seven questions are guessed and none omitted.
The resulting incorrect value for the expected number of correct guesses is then used correctly to calculate
the expected score. Because only one of the two components of part (b) was answered correctly, part (b)
was scored as partially correct. In part (c) the student continues to assume that five questions are guessed
randomly, rather than seven. Aside from this error, the response to part (c) correctly determines that at
least three correct guesses are needed and correctly calculates that probability by using the probability of
the complement. Because the error of considering five guesses instead of seven was penalized in part (b),
it was not penalized again in part (c), so this part was scored as essentially correct. The entire answer,
based on all three parts, was judged a substantial response and earned a score of 3.

Sample: 3C
Score: 2

In part (a) the binomial distribution is identified by name. Although the value of p is correctly identified by
formula, the value of n is given incorrectly as 5. Part (a) was therefore scored as partially correct. In part (b)
the response describes one scenario in which a score of 18 is obtained. However, the response does not
contain an expected value calculation, and no notion of averaging over possible outcomes is present, so
part (b) was scored as incorrect. The response to part (c) includes a justification of why at least three
correct guesses are needed, as well as a correct probability calculation. Part (c) was scored as essentially
correct. The entire answer, based on all three parts, was judged a developing response and earned a

score of 2.
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