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Question 3: Focus on Probability and Sampling Distributions  4 points 
 

General Scoring Notes 
• Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for 

essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the 
scores assigned to each letter part and awarded an integer score between 0 and 4 (see the table at the end 
of the question). 

• The model solution represents an ideal response to each part of the question, and the scoring criteria 
identify the specific components of the model solution that are used to determine the score. 

 
 Model Solution Scoring 

(a) 

 

(i) Let the random variable of interest X 
represent the number of gift cards that a 
particular employee receives in a 52-week 
year. Because each employee has 

probability 1 0.005200 =  of being selected 

each week to receive a gift card and each 
week’s selection is independent from every 
other week, X has a binomial distribution 
with 52n =  repeated independent trials 
and probability of success 0.005p =  for 
each trial. 
 

(ii) The probability that a particular employee 
receives at least one gift card in a 52-week 
year is: 

0 52

( 1) 1 ( 0)
52

1 (0.005) (0.995)
0

1 0.7705
0.2295

P X P X≥ = − =

 = −  
 

= −
=

  

Essentially correct (E) if the response satisfies 
the following four components: 
1. Defines the random variable as the number of 

gift cards that a particular employee receives 
in a 52-week year  

2. Describes the distribution as binomial with 
52n =  and 0.005p =  

3. Identifies the event of interest (i.e., identify 
the correct boundary AND direction for the 
event) in the calculation of the probability in 
part (a-ii)  

4. Provides supporting work to identify the 
correct probability of 0.2295 (or 0.230, if 
rounded) OR a probability consistent with 
components 2 and 3 

 
Partially correct (P) if the response satisfies 
only two or three of the four components. 
 
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• A response that states ~ (52, 0.005)X B  satisfies component 2. 

• A response that states the random variable is distributed by a distribution that is not binomial (e.g., 
normal or uniform) and then uses the binomial calculation does not satisfy component 2.  

• Stating that gift cards are distributed randomly is not a distribution and does not, in itself, satisfy 
component 2. Component 2 can still be satisfied if the response goes on to use the binomial distribution.  

• In order to satisfy component 2 using calculator function notation, the sample size and probability 
parameter must be clearly identified.  
o The following satisfy component 2: 

• binomcdf(n or trials = 52, 0.005,p =  1, 52) 
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• 1 – binomcdf(n or trials = 52, 0.005,p =  0) 
• 1 – binompdf(n or trials = 52, 0.005,p =  0) 

o The following do not satisfy component 2 because the parameter or sample size is not clearly labeled: 
• binomcdf(52, 0.005, lower bound = 1, upper bound = 52)  
• 1 – binomcdf(52, 0.005,p =  upper bound or 0x = )  
• 1 – binompdf(n or trials = 52, 0.005, 0x = ) 

• In order to satisfy component 3, the supporting work must identify the event of interest, i.e., 1X ≥ , the 
boundary is 1, and the direction is greater than or equal to, or at least.  
o Possible ways to do this include: 

• Probability notation, e.g. ( 1)P X ≥ , 1 ( 0)P X− =   

• Summing probabilities, e.g. 
52

52

1

52
(0.005) (0.995)k k

k k
−

=

 
 
 ∑    

• Description in words ( )employee receives at least one gift card  P , 

( )1 employee receives no gift cards  P−   
• Graphical, a bar graph of binomial probabilities with appropriate bars shaded 
• Using calculator function syntax with clearly labeled parameters (e.g. 0.005,p =  52n = ) and 

clearly labeled event boundaries (e.g., lower bound = 1, upper bound = 52)  
o The following satisfy component 3: 

• binomcdf(n or trials = 52, 0.005p = , lower bound=1, upper bound = 52) 
• 1 – binomcdf(n or trials = 52, 0.005,p =  upper bound or 0x = ) 
• 1 – binompdf(n or trials = 52, 0.005,p =  0x = ) 

o The following do not satisfy component 3 because the event boundaries are not clearly labeled. 
• binomcdf(n or trials = 52, 0.005,p =  1, 52) 
• 1 – binomcdf(n or trials = 52, 0.005,p =  0) 
• 1 – binompdf(n or trials = 52, 0.005,p =  0) 

• A response will satisfy component 3 if the probability is computed for a geometric distribution with the 
first success within the first 52 weeks ( 52X ≤ ) (e.g. response that states geometcdf(0.005, x or upper 
bound = 52)). 

• Because (52)(0.005) 0.26np = =  is less than 5, the normal approximation to the binomial distribution is 
not an appropriate method to calculate the probability, and a response that uses this method does not 
satisfy component 4. However, a response that uses the normal approximation to the binomial distribution 
may satisfy component 3 if it displays the correct mean and standard deviation of the binomial 
distribution AND provides a clear indication of the appropriate collection of possible outcomes included 

in the event using a diagram or a z-score, e.g., 0 (52)(0.005)1 ,
(52)(0.005)(0.995)

P Z − − ≤ 
 

 

1 (52)(0.005) ,
(52)(0.005)(0.995)

P Z − ≥ 
 

 or 0.5 (52)(0.005) .
(52)(0.005)(0.995)

P Z − ≥ 
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 Model Solution Scoring 
(b) 

 

The expected value for the number of gift cards a 
particular employee will receive in a 52-week 
year is 52(0.005) 0.26.np = =  If the random 
process of selecting one employee each week to 
receive a gift card is repeated for a very large 
number of years, each employee can expect to 
receive about 0.26 gift cards per year, on average, 
or about one gift card every four years. 

Essentially correct (E) if the response satisfies 
the following two components: 
1. Correctly calculates the expected value  

AND  
provides supporting work for the calculation 
of the expected value 

2. Provides a reasonable interpretation of the 
expected value that includes at least two of 
the following three aspects: 
• The concept of repeating the selection 

process over a long period of time  
• The concept of an average or mean 
• The context of receiving gift cards 

 
Partially correct (P) if the response satisfies 
only one of the two components. 
   
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• A response may satisfy component 1 if the reported expected value is consistent with the distribution of 

the random variable identified in the response to part (a-i), AND supporting work for the calculation of 
the expected value in part (b) is shown. 

• Examples of supporting work that satisfies component 1 include:  
o 52(0.005) 0.26np = =  or 52(0.005)np =  

o 52
200np =  

o 52(0.005) 0.26=   
o 0.26,np =  if the values of n and p are reported in the response to part (a) 

• A response that incorrectly calculates the expected value may still satisfy component 2 using the incorrect 
expected value in the interpretation. 
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 Model Solution Scoring 

(c) 
 
 

No, Agatha’s experience does not constitute 
strong evidence that the selection process was not 
truly random. In fact, it is quite likely 

52(probability (0.995) 0.7705)= ≈  that a 
particular employee will fail to receive a gift card 
for an entire 52-week year. 

Essentially correct (E) if the response satisfies 
the following three components: 
1. Indicates that Agatha does not have a strong 

argument that the selection process was not 
truly random 

2. Provides a relevant probability or expected 
value 

3. Provides an explanation that correctly links 
the probability or expected value to the 
decision  

 
Partially correct (P) if the response satisfies 
only two of the three components.  
 
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• Examples that satisfy component 2: 

o The probability that Agatha will receive at least one gift card in a 52-week year is 0.2295, or the value 
computed in part (a-ii). 

o The probability that Agatha will fail to receive a gift card for an entire 52-week year is 0.7705, or the 
complement of the value computed in part (a-ii). 

o The expected value computed in part (b).  
o Stating AT MOST 52 out of 200 employees will win a gift card (or AT LEAST 148 will not win).  

• A response that indicates that Agatha does have a strong argument that the selection process was not truly 
random (or responds “yes”) that is adequately supported by an explanation based on an incorrectly 
calculated probability in part (a-ii) OR an incorrectly calculated expected value in part (b) is scored E. 

• If a response gives two arguments, treat them as parallel solutions and score the weaker solution.  
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Scoring for Question 3 Score 

Complete Response 
Three parts essentially correct 

4 
 

Substantial Response 
Two parts essentially correct and one part partially correct 

3 
 

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

2 
 
 
 
 
 

Minimal Response 
One part essentially correct and no part partially correct 
 OR 
No part essentially correct and two parts partially correct 

1 
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-------------------------------------

 

Begin your response to QUESTION 3 on this page. 

3. To increase morale among employees, a company began a program in which one employ�
selected each week to receive a gift caret. Bach of the company•s 200 employees is equally likely to be
selected each week, and the same employee could be selected more than once. Bach week's selection is

�m every other week. 

(a) Consider tbe probability that a particular employee receives at least one gift card in a 52-week year.

(i) Define the random variable of interest and state how the random variable is distributed.

TJ\-t YA�K'I VAVtAl,::,l,,t 81- 11'tt'.eY-tC+ (� -ti'\� HWIM�Y Of- �f+-t
c,w.;l(s ,..a,ve.ot M A 62.-w,,1:: ��4"1r.

H- '"'° 1,,r1o1oM1r"'ll!1· 4rst1-fi,t,1-ri!d 1,,.-is-ed o"' �,-e coi-,�1�n,11s 
5Z. 

� 8{_.., 0 -OOEi) 

Ci) Yt:01AOWI C4! ,�,-tfOVI "14111.S- OUL-iYY"�

@) �CH WUIC:OS &�1-ett'fOI,\ t'S O,,�e.,.ent
€) fO(�i:,I Z.00 ol,,&et"lf/AffO "1

@ fYOWflc,l'H-t't1 o.f- CIACUCS' IS -#\e �""14! U,.IWA�� e�t.<All� 1,1t:el.!:J J 

@ fdO&A ��y Wtli\ tl- OV 1:jOLA �OVl'f-
( 011e o IA't'CJ)Wle o e>-r Of ,two J 

(ii) Detennlne tbe probability that a particular employee receives at least one gift card in a 52-week year.
Show your work. 

I 

• I- o.,i06'il'�8�3
.. f.ZZ't'i51ll0"7

TIie pYo�,i11r,· 1 � #\M p. �-"t"t1'G&,(\,. y ,H'I plo��� .... eG\�ve c tl-t- \4l �-'-t 

o1o1e '!)''ti" c:.,t,.� r11 A 62.- wuti:: '6eAY ,s o · 2. -Z.'f � s 111 o "i .

Page 8 GO ON TO TJiE NEXT PAGE. 
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Question 3 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The primary goals of this question were to assess a student’s ability to (1) define a random variable and identify 
its distribution; (2) identify the value of a binomial probability; (3) identify and interpret the expected value of a 
binomial random variable; and (4) use the expected value of a random variable or the probability of a specific 
event to counter a claim. 

This question primarily assesses skills in skill category 3: Using Probability and Simulation. Skills required for 
responding to this question include (3.A) Determine relative frequencies, proportions, or probabilities using 
simulation or calculations, (3.B) Determine parameters for probability distributions, and (4.B) Interpret statistical 
calculations and findings to assign meaning or assess a claim. 

This question covers content from Unit 4: Probability, Random Variables, and Probability Distributions of the 
course framework in the AP Statistics Course and Exam Description. Refer to topics 4.10, and 4.11, and learning 
objectives UNC-3.B, UNC-3.C, and UNC-3.D. 

Sample: 3A 
Score: 4 

The response earned the following: part (a) – E; part (b) – E; part (c) – E.  

In part (a) the response satisfies component 1 in part (a-i). The response satisfies component 2 in part (a-i) by 
stating “Binomial” and the correct values of n and p. Component 3 is satisfied in part (a-ii) in three different 
ways, any of which alone would satisfy component 3. One way is using the probability statement “ ( )1P X ≥ ”; a 
second way is using the probability statement “ ( )1 0P X− = ”; the third way is by stating “at least one gift card” 
in the response. The response computes the correct value of the probability that a particular employee receives at 
least one gift card in a 52-week year and shows work in part (a-ii), satisfying component 4. Note: The response 

does state 0 5252
1 (0.005) (1 .995)

0
 − − 
 

; the 1 .995−  is incorrect, but was considered a transcription error during 

scoring. Part (a) was scored essentially correct (E).  

In part (b) the response correctly calculates the expected value and provides supporting work, satisfying 
component 1. The response provides the correct interpretation of the expected value with all three aspects, 
satisfying component 2. The response includes the first aspect, repeated selection over a long period of time, by 
stating, “if many, many random samples of 52-week years are choosen.” The response includes the second and 
third aspects, by stating “on average” and the context of gift cards. Part (b) was scored essentially correct (E).  

In part (c) the response states that “Agatha doesn’t have a strong argument,” satisfying component 1. The 
response provides the correct probability that a particular employee does not receive a gift card, “.7705,” 
satisfying component 2. Note: The same transcription error, carried from part (a-ii), appears here. The response 
states that a particular employee not getting a gift card is “a likely occurrence,” which links the decision to the 
probability satisfying component 3. Part (c) was scored essentially correct (E). 
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Question 3 (continued) 

Sample: 3B 
Score: 3 

The response earned the following: part (a) – E; part (b) – P; part (c) – E.  

In part (a) the response correctly defines the random variable in part (a-i) satisfying component 1. Component 2 is 
satisfied in two ways because the response correctly states the distribution of the random variable is binomial with 
the correct values of n and p. In part (a-i) the response states “ ( )52,0.005B ” In part (a-ii) the response uses the 
binomial formula with the correct values of n and p. The response correctly identifies the event of interest by 
giving the correct boundary and direction using probability statements in part (a-ii), satisfying component 3. The 
response computes the correct value of the probability that a particular employee receives at least one gift card in 
a 52-week year in part (a-ii), satisfying component 4. Part (a) was scored essentially correct (E).  

In part (b) the response correctly calculates the expected value and provides supporting work, satisfying 
component 1. The response does not satisfy component 2 giving only the third aspect of expected value 
interpretation. Part (b) was scored partially correct (P).  

In part (c) the response satisfies component 1. The response provides the correct probability that a particular 
employee does not receive a gift card, satisfying component 2. The response states that a particular employee not 
getting a gift card is “very probable,” linking the decision to the probability, which satisfies component 3. Part (c) 
was scored essentially correct (E). 

Sample: 3C 
Score: 2 

The response earned the following: part (a) – P; part (b) – P; part (c) – E.  

In part (a) the response does not correctly define the random variable and component 1 is not satisfied. 

Component 2 is not satisfied as no distribution is stated and ( )521991 200−  does not indicate the binomial 

distribution. The response correctly identifies the correct boundary and direction with the statement “P(at least 
one gift card)” in part (a-ii). Additionally, the response identifies boundary and direction a second time with the 
statement “ ( )1 no gift cardP− ” in part (a-ii), satisfying component 3. The response computes the correct value  
of the probability with supporting work in part (a-ii), satisfying component 4. Part (a) was scored partially  
correct (P).  

In part (b) the response correctly calculates the expected value and provides supporting work, satisfying 
component 1. The response does not provide an interpretation, and so component 2 is not satisfied. Part (b) was 
scored partially correct (P).  

In part (c) the response satisfies component 1. The response provides the correct probability that a particular 
employee does not receive a gift card, satisfying component 2. The response states that this probability is  
“quite large” linking the decision to the probability, which satisfies component 3. Part (c) was scored essentially 
correct (E).  
 
 
 

 


	ap21-sg-statistics.pdf
	ap21_sg_covers_statistics
	ap21_sg_statistics_q1_final
	ap21_sg_statistics_q2_final
	ap21_sg_statistics_q3_final
	ap21_sg_statistics_q4_final
	ap21_sg_statistics_q5_final
	ap21_sg_statistics_q6_final

	Statistics_APC_Final.pdf
	ap21_Stats_APC Q1 Combined Samples
	APC Q1 Sample A.pdf
	APC Q1 Sample B.pdf
	APC Q1 Sample C.pdf

	ap21_Stats_APC Q2 Combined Samples
	Q2 Sample A.pdf
	Q2 Sample D.pdf
	Q2 Sample H.pdf

	ap21_Stats_APC Q3 Combined Samples
	Q3 Sample A.pdf
	Q3 Sample C.pdf
	Q3 Sample G.pdf

	ap21_Stats_APC Q4 Combined Samples
	Q4 Sample A.pdf
	Q4 Sample E.pdf
	Q4 Sample G 50644816.pdf

	ap21_Stats_APC Q5 Combined Samples
	Q5 Sample A 50646177.pdf
	Q5 Sample E.pdf
	Q5 Sample I.pdf

	ap21_Stats_APC Q6 Combined Samples
	Q6 Sample A.pdf
	Q6 Sample G.pdf
	Q6 Sample I.pdf


	ap21_apc_statistics_commentary_q3_rev03 DEB.pdf
	Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
	Overview




