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AP® Statistics 2024 Scoring Guidelines

Question 4: Focus on Probability and Sampling Distributions 4 points

General Scoring Notes

e FEach 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).

e 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) Let G represent the number of geodes a player Essentially correct (E) if the response satisfies at
opens until finding a red crystal. G follows a least three of the following four components:
geometric distribution with p = 0.08. 1. In part (a-1) the response correctly calculates
the mean
; — S 2. In part (a-i) the response provides supporting
1) u=E®G)= 008~ 12.5 geodes

work for the calculation of the correct mean
3. In part (a-ii) the response correctly calculates
(i) oy = 1-0.08 1199 geodes the standard deviation
0.08 4. In part (a-ii) the response provides supporting
work for the calculation of the correct

standard deviation

Partially correct (P) if the response satisfies only
two of the four components required for E.

Incorrect (I) if the response does not meet the
criteria for E or P.

Additional Notes:
e An arithmetic or transcription error in a response can be ignored if correct work is shown.
e A response with the mean rounded to 12 or 13 does not satisfy component 1.

e A response with a standard deviation of 12 geodes satisfies component 3.
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Model Solution

() () P(Y =3)=(0.92)*(0.08) ~ 0.067712

(i) P(Y=4)=1-P(Y=1or2or3)
~1-(0.08 + 0.0736 + 0.067712)
~ 0.778688

OR

If Conrad opens 4 geodes, then he either
finds no red geodes or he finds a red geode
on the fourth one he opens; therefore,

P(Y = 4) = (0.92)* +(0.92) (0.08)
~ 0.778688.

Scoring

Essentially correct (E) if the response satisfies
at least three of the following four components:

L.

In part (b-i) the response correctly calculates
the probability of opening 3 geodes

In part (b-i) the response provides supporting
work for the calculation of the correct
probability

In part (b-ii) the response correctly calculates
the probability of opening 4 geodes,
consistent with the response to part (b-i)

In part (b-ii) the response provides supporting
work for the calculation of the correct
probability

Partially correct (P) if the response satisfies
only two of the four components required for E.

Incorrect (I) if the response does not meet the
criteria for E or P.

Additional Notes:

A response may satisfy component 2 or component 4 by the following or a combination of the following:

o Probability formula: Displaying a correct formula for computing the geometric probability, such as:
o (1-0.08)*(0.08)or (0.92)*(0.08) for part (b-i)

o Calculator function syntax: Using calculator function notation with the correct value of the parameter

identified, such as:
e geompdf(p = 0.08, x = 3) for part (b-1)

e 1-—geomcdf(p =0.08, x = 3) for part (b-ii)

e binompdf (n =4, p = 0.08, x = 0) + geompdf (p = 0.08, x = 4) for part (b-ii)
e binompdf (n =4, p = 0.92, x = 4) + geompdf (p = 0.08, x = 4) for part (b-ii)

An arithmetic or transcription error in a response can be ignored if correct work is shown.
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Model Solution

Scoring

© () u=EQY) Essentially correct (E) if the response satisfies
~ (1)(0.08) + (2)(0.0736) both components 1 and 2 and at least two of
+(3)(0.0677) + (4)(0.778688) components 3-5:
~0.08 + 0.1472 + 0.2031 + 3.1148 1. Inpart (c-i) thé réspo.nse state.s the cqrrect
mean of the distribution consistent with
~3.545 geodes. .
values calculated in part (b)
(i) The mean of 3.545 geodes is the 2. In part (c-i) the response shov&./s appropriate
work to calculate the mean using the values
average number of geodes that result }
from a long run of many, many trials of calculated‘ mn par‘F (b) o
opening randomly selected geodes and 3. In part (c-ii) the interpretation includes the
counting the number opened until either concept of repeating the selection process
a red geode is found or the fourth geode over a long period of time
is opened. 4. In part (c-ii) the interpretation includes the
concept of an average or mean
5. In part (c-ii) the interpretation includes the
context of number of geodes opened
Partially correct (P) if the response does not
meet the criteria for E but satisfies two or three of
components 1-4.
Incorrect (I) if the response does not meet the
criteria for E or P.
Additional Notes:

Supporting work for finding the expected value must include at least two of the terms in the equation to

show the pattern, such as 1(0.08) + 2(0.0736) +....

Calculator notation does not satisfy component 2, such as 1-VAR STATS(LI, L2).

An arithmetic or transcription error in a response can be ignored if correct work is shown.

The response

1
(.08 + 0736 +.0677 + .0623)

~ 3.526 does not satisfy component 1 or 2.

In part (c-i) if the response has incorrect values in part (b), but uses the values from the correct
probability distribution, the response may satisfy components 1 and 2.

The numerical value of the mean is not required to satisfy components 3-5.
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Scoring for Question 4 Score

Complete Response 4
Three parts essentially correct

Substantial Response 3
Two parts essentially correct and one part partially correct

Developing Response 2
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

Minimal Response 1
One part essentially correct and no part partially correct

OR
No part essentially correct and two parts partially correct

© 2024 College Board



Q4 Sample A: Page 1 of 2

Question 4

Begin your response to QUESTION 4 on this page.

4. In an online game, players move through a virtual world collecting geodes, a type of hollow rock. When broken
open, these geodes contain crystals of different colors that are useful in the game. A red crystal is the most useful
crystal in the game. The color of the crystal in each geode is independent and the probability that a geode contains
ared crystal is 0.08.

(a) Sarah, a player, will collect and open geodes until a red crystal is found.
(i) Calculate the mean of the distribution of the number of geodes Sarah will open until a red crystal is found.

T A digaviion gmm Wi ?z'?ﬁ
ke Sorn i3 opeminy folts ekl o vedl Ll S
foundd- Tl meon oF B digrilendion 1s

(u)CaIcuh:etheaunduddswmmofﬁedisﬁihﬁmdmembuofgmwwinmunuhmdmyw
is found. Show your work.

Sanstrl deviakisn oF numbel fffmim:

opers, Wbl o ved ool T3foued 18 St 2 A
= [19% geodun. Digowen 15 garthic with peof

(b) Another player, Conrad, decides to play the game and will stop opening geogles after finding a red crystal or
when 4 geodes have been opened, whichever comes first. Let ¥ = the number of geodes Conrad will open.
The table shows the partially completed probability distribution for the random variable Y.

Number of geodes Conrad will open, y 1 2 3 4

Probability, P(¥ = y). 008 | 00m6 jo.pbp. 7756

Unauthorized copying or reuse of this page is illegal. Page 8 GO ON TO THE NEXT PAGE.
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Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Q4 Sample A: Page 2 of 2

ll.

Question 4

Continue your response to QUESTION 4 on this page.
(i) Calculate P(Y = 3). Show your work.

p(Y="= (- 7p = (1-.08)" (%)
'E parmloeq ok ?F"'“”w%i"?é» — 0.067712
Nt 15 o 0-06TN ok (onred will open Yuree

(i) Calculate P(Y = 4). Show your work. proiietty W
oY=y = 1~ PLY £=B) =\~ PSS NI 3)

PR (R T L ey (2
Trect is o 0775683 pm,woi\i\g Yogd  Concd il
open dour 9@.0&20

(c) Consider the table and your results from part (b).
(i) Calculate the mean of the distribution of the number of geodes Conrad will open. Show your work.

Y = pumetr o 9e0dn (arod will ogen
Hyn: (NLogyx (DI(.613%) + 3(:06TI)Y G (71849

= 3 9U%0%% jRod

(ii) Interpret the mean of the distribution of the number of geodes Conrad will open, which was calculated in
part (c-i).

On aveme, Lonmd, wilk open 3.QUS oY aeodzo
‘ ' oMl binoling & regl

b S gty PR s cponl T
Coumlwﬂig?;ht A sy, M -HMIM“W
Umlfmy\mormu this Ililoblﬂ' (""‘

4000\20\ GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Q4 Sample B: Page 1 0of2
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Question 4

Boghyourmponuﬁﬁi.lﬁ'i‘lﬂﬂ46ﬁlﬂihbpng¢.

4, In an online game, players move through a virtual world collecting geodes, a type of hollow rock. When broken
open, these geodes contain crystals of different colors that are useful in the game. A red crystal is the most useful
crystal in the game. The color of the crystal in each geode is independent and the probability that a geode contains
a red crystal is 0.08.

(a) Sarah, a player, will collect and open geodes until a red crystal is found.

(i) Calculate the mean of the distribution of the number of geodes Sarah will open until a red crystal is found.
- Show your work.

\

M= BN = g = 125

(ii) Calculate the standard deviation of the distribution of the number of geodes Sarah will open until a red crystal
is found, Show your work. '

' az
« =§% :St@%%‘g.:. 2% =3.29)

(b) Another player, Conrad, decides to play the game and will stop opening geodes after finding a red crystal or
when 4 geodes have been opened, whichever comes first. Let ¥ = the number of geodes Conrad will open.
The table shows the partially completed probability distribution for the random variable Y.

Number of geodes Conrad will open, y | 1 2 3 4
Probability, P(Y = y) ‘ 008 | 00736 pﬂm‘? 0-71%%8¢

|

4

Unauthorized copying of reuse of this page s legal. Page 8 GO ON TO THE NEXT PAGE. | |
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Q4 Sample B: Page 2 of 2

'@ Question 4

Continue your response to QUESTION 4 on this page.
(i) Calculate P(Y = 3). Show your work.

. e
P(R=2)= 9" "¢ - 0:QL

'.0.08 = 0.01712

(ii) Calculate P(Y = 4). Show your work. | ‘ :
P(y-u) = 0-O% +0.07136 + 0.0L%= D.22|

|- 0-22\ = O.717 %L

(c) Consider the table and your results from part (b).

(i) Calculate the mean of the distribution of the number of geodes Conrad will open. Show your work.
\(Co DB) * 20 013 + 3((0-0LTT2)+ Y (071 RaEK)

0,08 4+ 0. 117 1+ 0-.2°33t+ 3.||u1s2
M=2. 915
(ﬁ)mm&mﬁm.ﬁmammdmcmmmwﬁchmmmm
part (c-i). .
The mean 1§ e expeckd

NGlt 0F e pomievT Of GeodeS
(grvad Wil ofe:

Unauthorized copying or reuse of this page Is illegal. Page 9 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 4

Begin your reaponaetoﬂU!SﬂONion this page.

4. In an online game, players move through a virtual world collecting geodes, a type of hollow rock. When broken
open, these geodes contain crystals of different colors that are useful in the game. A red crystal is the most useful
crystal in the game. The color of the crystal in each geode is independent and the probability that a geode contains
a red crystal is 0.08.

(a) Sarah, a player, will collect and open geodes until a red crystal is found.
(i) Calculate the mean of the distribution of the number of geodes Sarah will open until a red crystal is found.

/Mi... — L e \l z '5

(ii) Calculate the standard deviation of the distribution of the number of geodes Sarah will open until a red crystal
is found. Show your work.

-~ %
Oi = SE NI ";Z =fagq
¢ O

(b) Another player, Conrad, decides to play the game and will stop opening geodes after finding a red crystal or
when 4 geodes have been opened, whichever comes first. Let Y = the number of geodes Conrad will open.
The table shows the partially completed probability distribution for the random variable Y.

Number of geodes Conrad will open, y 1 2 3 4
Probability, P(Y = y) 0.08 0.0736
Unauthorized copying or reuse of this page Is illegal. Page 8 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.




Q4 Sample C: Page 2 of 2

o Question 4

OmwmywrmwMQmmhm.
(i) Calculate P(Y = 3). Show your work. .
fy=5) = O-0)"'2 = (\-c0e) > (owoy

— 100677

]

(ii) Calculate P(Y = 4). Show your work.

?L‘{’;S) - L\ -I'Ouof)q'vl (v.0%)

:‘Di0613i

(c) Consider the table and your results from part (b).
(i) Calculate the mean of the distribution of the number of geodes Conrad will open. Show your work.

MK&'%' ' W_\_“ _ m

0WS & 00756 4 00677 & 0.0623 = 0\I836

(ii) Interpret the mean of the distribution of the number of geodes Conrad will open, which was calculated in
Pted. Covad ViAo clpowd D1G526 Geodis on awerge T he
o5 & (g Dew Gawie and vt Aop oWy qeode ok fnimg
fed e or Whhen Hmmwﬂm,

Unauthorized copying or reuss of this page is llegal. Page 9 GO ON TO THE NEXT PAGE.
Use a pendil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box.
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AP® Statistics 2024 Scoring Commentary

Question 4
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The primary goals of the question were to assess a student’s ability to (1) calculate the mean of a geometric
distribution; (2) calculate the standard deviation of a geometric distribution; (3) calculate a probability for a
geometric distribution; (4) calculate a probability for a geometric distribution using a previous calculated
probability; (5) calculate the mean of a geometric distribution using previous calculated probabilities; and (6)
interpret the mean of a geometric distribution using previous calculated probabilities.

This question primarily assesses skills in skill category 3: Using Probability and Simulation, and skill category 4:
Statistical Argumentation. 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 in the AP
Statistics Course and Exam Description. Refer to topics 4.5, 4.6, 4.8, and 4.12, and learning objectives UNC-3.E,
UNC-3.F, VAR-4.A, VAR-4.E, VAR-5.C, and VAR-5.D.

Sample: 4A
Score: 4

The response earned the following: Part (a) — E; Part (b) — E; Part (¢c) — E.

In part (a), the response correctly calculates the mean, satisfying component 1. The response provides appropriate
supporting work for the correct mean, satisfying component 2. The response correctly calculates the standard
deviation, satisfying component 3. The response provides appropriate supporting work for the correct standard
deviation, satisfying component 4. Part (a) was scored essentially correct (E).

In part (b), the response correctly calculates the probability of opening three geodes, satisfying component 1. The
response provides appropriate supporting work for the correct probability of opening three geodes, satisfying
component 2. The response correctly calculates the probability of opening four geodes, satisfying component 3. The
response provides appropriate supporting work for the correct probability of opening four geodes, satisfying
component 4. Part (b) was scored essentially correct (E).

In part (c), the response states the correct mean of the distribution consistent with values calculated in part (b),
satisfying component 1. The response provides appropriate supporting work for the correct mean using values
calculated in part (b), satisfying component 2. The response provides an interpretation of the mean that includes the
concept of repeating the selection process over a long period of time, “many, many times,” satisfying component 3.
The response includes the concept of an average or mean, “the average,” satisfying component 4. The response
includes the context of the number of geodes opened, “number ... he will open,” satisfying component 5. Part (c) was
scored essentially correct (E).

© 2024 College Board.
Visit College Board on the web: collegeboard.org.
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Question 4 (continued)

Sample: 4B
Score: 3

The response earned the following: Part (a) — P; Part (b) — E; Part (c) — E.

In part (a) the response correctly calculates the mean, satisfying component 1. The response provides appropriate
supporting work for the correct mean, satisfying component 2. The response does not correctly calculate the
standard deviation. The response fails to satisfy component 3. The response does not provide appropriate
supporting work for the correct standard deviation. The response fails to satisfy component 4. Part (a) was scored
partially correct (P).

In part (b) the response correctly calculates the probability of opening three geodes, satisfying component 1. The
response provides appropriate supporting work for the correct probability of opening three geodes, satisfying
component 2. The response correctly calculates the probability of opening four geodes, satisfying component 3.
The response provides appropriate supporting work for the correct probability of opening four geodes, satisfying
component 4. Part (b) was scored essentially correct (E).

In part (c) the response states the correct mean of the distribution consistent with values calculated in part (b),
satisfying component 1. The response provides appropriate supporting work for the correct mean using values
calculated in part (b), satisfying component 2. The response does not provide an interpretation of the mean that
includes the concept of repeating the selection process over a long period of time. The response fails to satisty
component 3. The response includes the concept of an average or mean, “expected value,” satisfying

component 4. The response includes the context of the number of geodes opened, “number of geodes Conrad will
open,” satisfying component 5. Part (c) was scored essentially correct (E).

Sample: 4C
Score: 2

The response earned the following: Part (a) — E; Part (b) — P; Part (c) — L.

In part (a) the response correctly calculates the mean, satisfying component 1. The response provides appropriate
supporting work for the correct mean, satisfying component 2. The response correctly calculates the standard
deviation, satisfying component 3. The response provides appropriate supporting work for the correct standard
deviation, satisfying component 4. Part (a) was scored essentially correct (E).

In part (b) the response correctly calculates the probability of opening three geodes, satisfying component 1. The
response provides appropriate supporting work for the correct probability of opening three geodes, satisfying
component 2. The response does not correctly calculate the probability of opening four geodes. The response
calculates only the probability that the fourth geode is red, not the probability that the fourth geode is red or that
no red geode is found in the first four selections. The response fails to satisfy component 3. The response does not
provide appropriate supporting work for the correct probability of opening four geodes. The response fails to
satisfy component 4. Part (b) was scored partially correct (P).

In part (c) the response does not state the correct mean of the distribution consistent with values calculated in

part (b). The response fails to satisfy component 1. The response does not provide appropriate supporting work
for the correct mean using values calculated in part (b). The response fails to satisfy component 2. The response
does not provide an interpretation of the mean that includes the concept of repeating the selection process over a
long period of time. The response fails to satisfy component 3. The response includes the concept of an average or
mean, “on average,” satisfying component 4. The response includes the context of the number of geodes opened,
“geodes have been opened,” satisfying component 5. The response does not satisfy two or three components from
components 1, 2, 3, or 4. Part (c) was scored incorrect (I).
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