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Question 1: Focus on Exploring Data 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 The distribution of gas mileage for the sample 

of cars manufactured in Country A has a lower 
center than the distribution of gas mileage for 
the sample of cars manufactured in Country B. 
The median gas mileage for the sample of cars 
manufactured in Country A (18 mpg) is less 
than the median gas mileage for the sample of 
cars manufactured in Country B (32 mpg).  
 
The range of the gas mileages for the sample of 
cars manufactured in Country A (24 mpg) is 
slightly greater than the range of the gas 
mileages for the sample of cars manufactured in 
Country B (22 mpg). However, the IQR of the 
gas mileages for the sample of cars 
manufactured in Country A (8 mpg) is less than 
the IQR of the gas mileages for the sample of 
the cars manufactured in Country B (12 mpg). 
 
The car manufactured in Country A with  
38 mpg (the maximum of the sample of cars 
manufactured in Country A) is an outlier, while 
the distribution of gas mileage for the sample of 
cars manufactured in Country B has no outliers. 

Essentially correct (E) if the response satisfies 
at least three of the following four components: 
1. Directly compares the center for the two 

distributions 
2. Directly compares the spread (either IQR or 

range) for the two distributions 
3. Indicates that the gas mileage of one of the 

cars manufactured in Country A is an outlier 
4. Provides sufficient context, which includes the 

manufacturing countries (“Country A” and 
“Country B”) AND the dependent variable 
(“gas mileage” or “mpg”) 

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. 

 

Scoring Notes: 
• The response need not include specific numerical values to satisfy any given component or to score E on 

part A. 
• A response that only uses the “means” in the comparison of center would not satisfy component 1. 
• Any acceptable mention of shape in the response should be ignored because complete shape information 

cannot be determined from a boxplot. Acceptable mentions of shape include: 
o The shape of the distribution of the gas mileage for cars manufactured in Country A can be 

described as skewed, positively skewed, or right skewed. 
o The shape of the distribution of the gas mileage for cars manufactured in Country B can be 

described as skewed, negatively skewed, left skewed, or approximately symmetric. 
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• If the response describes the shape of either distribution as just “symmetric,” “normal,” “unimodal,” or an 
incorrect shape (e.g., “the distribution of gas mileages for Country A is left skewed” or “the distribution of 
gas mileages for Country B is right skewed”), then part A cannot be scored E. 

• A response that only lists values for center and/or spread and does not directly compare them does not 
satisfy components 1 and/or 2. 

• A response that just refers to “A” or “B” AND the dependent variable (“gas mileage” or “mpg”) may 
satisfy component 4.  
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 Model Solution Scoring 
B The mean of the distribution of gas mileage for 

the sample of cars manufactured in Country A is 
expected to be greater than 18 mpg, the median 
of the distribution. Because the distribution of 
gas mileage for the sample of cars manufactured 
in Country A has an outlier to the right (or is 
skewed to the right), the mean of the distribution 
(which is not resistant) is expected to be pulled 
above the median (which is resistant) toward the 
higher values of gas mileage. 

Essentially correct (E) if the response satisfies the 
following three components: 
1. Indicates that the mean of the distribution of gas 

mileage for the sample of cars manufactured in 
Country A is expected to be greater than  
18 mpg  

2. Indicates 18 as the value of the median 
3. Provides a reasonable justification for the 

relationship between the mean and the median 
based on a right-skewed distribution or the 
expectation that an outlier in the right tail will 
pull the mean above the median 

Partially correct (P) if the response satisfies 
component 1 AND either component 2 or 
component 3. 

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

 

 

Scoring Notes: 
• A response that states the median is 18 mpg in either part A or part B satisfies component 2. 
• A response that provides a weak justification (e.g., “because the distribution is skewed”) does not satisfy 

component 3. However, a response that provides a justification based on the distribution being right skewed 
may satisfy component 3. 

• Component 3 may be satisfied with an appropriate numerical argument that shows that the mean must be 
greater than 18 mpg.  
o An example of an inappropriate numerical argument would be averaging portions of the five-number 

summary. 
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 Model Solution Scoring 
C i. The maximum value in the combined data is 

40 mpg because 40 mpg is the maximum gas 
mileage for the sample of cars manufactured in 
Country B, and as shown in the boxplot, all the 
gas mileages for the sample of cars 
manufactured in Country A are less than  
40 mpg. The minimum value in the combined 
data is 14 mpg, because 14 mpg is the 
minimum mpg for the sample of cars 
manufactured in Country A, and as shown in 
the boxplot, all the gas mileages for the sample 
of cars manufactured in Country B are greater 
than 14. Thus, the range of the combined data 
set is 40 − =14 26  mpg. 

ii. In the combined data, there are 200 gas 
mileages. The median is a value where at least 
half, or 100, of the gas mileages in the 
combined data are less than or equal to the 
median value and at least half, or 100, of the 
gas mileages in the combined data are greater 
than or equal to the median value. From the 
boxplot for the sample of cars manufactured in 
Country A, the third quartile, Q3, is  
24 mpg indicating there are at least 75 gas 
mileages less than or equal to 24 mpg and at 
least 25 gas mileages greater than or equal to 
24 mpg. From the boxplot for the sample of 
cars manufactured in Country B, the first 
quartile, Q1, is 24 mpg indicating there are at 
least 25 gas mileages less than or equal to  
24 mpg and at least 75 gas mileages greater 
than or equal to 24 mpg. Thus, in the 
combined data set, there are at least 100 gas 
mileages less than or equal to 24 mpg and at 
least 100 gas mileages greater than or equal to 
24 mpg, which implies 24 is the value of the 
median of the combined data set. 

 

Essentially correct (E) if the response satisfies 
the following four components: 
1. Correctly calculates 26 mpg as the range of the 

combined data set 
2. Provides a justification for the range with an 

argument based on identifying 40 as the 
maximum of the combined data set and 
identifying 14 as the minimum of the combined 
data set 

3. Calculates 24 mpg as a possible value of the 
median of the combined data set 

4. Provides a justification for the median by 
indicating that at least half of the combined data 
values are at most 24 and at least half of the 
combined data values are at least 24 

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. 

 

 

Scoring Notes: 
• A response that solely indicates a range of values (e.g., “the gas mileages range from 14 mpg to 40 mpg”) 

does not satisfy component 1 but may satisfy component 2. 
• A response that states the range as a value of 25 or 27 from misinterpreting the minimum value in the 

distribution of gas mileages for Country A as 13 or 15 may be considered a minor error and satisfies 
components 1 and 2. 
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• A response that gives the correct value for the median (24) and justifies the value by looking at the quartiles 
on one side of 24 (e.g., identifying that one-fourth of Country B cars and three-fourths of Country A cars 
have mpg less than or equal to 24) satisfies component 4. 

• A response that provides justification of the median based on a value near the 100th data value satisfies 
component 4. 

• A response that provides justification of the median based on counting the segments in the boxplots may 
satisfy component 4. The response is not required to specify equal sample sizes. 
o For example, one-half of the boxplot segments are no greater than 24 mpg (four of eight segments—

three segments from Country A and one segment from Country B) and one-half of the boxplot segments 
are at least 24 mpg (four of eight segments—one segment from Country A and three segments from 
Country B), which indicates that 24 mpg is the median of the combined data set. 
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Scoring for Question 1 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 parts partially correct 

OR 
No part essentially correct and two parts partially correct 

 

1 
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Question 2: Focus on Sampling and Experimental Design    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 Sampling method I is not an appropriate 
sampling method for the farmer to use to estimate 
the proportion of cabbage plants in the field that 
are affected by aphids. 
Sampling method I is a convenience sample 
where region 3 is not selected randomly. If the 
farmer’s belief is correct, there may be fewer 
cabbage plants that are affected by aphids in 
region 3 than in most other regions of the 
cabbage field because region 3 is in the row 
farthest from the river. This may lead to an 
underestimate of the proportion of cabbage plants 
in the field that are damaged by aphids. 

Essentially correct (E) if the response satisfies the 
following three components: 
1. Indicates sampling method I is not an appropriate 

sampling method to obtain the estimate 
2. Provides an explanation that refers to at least one 

of the following: 
• The region is likely not representative of the 

entire cabbage field. 
• The sampling process does not include 

random selection. 
• The sample is a convenience sample. 

3. Provides sufficient context by including any two 
of the following: 
• Sampling unit (region) 
• Population (cabbage field or the 25 regions in 

the field) 
• Statistic or parameter (proportion of 

cabbage plants that are damaged by 
aphids) OR count (number of cabbage 
plants that are damaged by aphids) 

Partially correct (P) if the response satisfies 
component 1 AND either component 2 or  
component 3 
OR 
if the response does not indicate whether or not 
sampling method I is an appropriate sampling 
method AND satisfies both components 2 and 3. 

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

 

 

Scoring Notes: 
References only to “a field” are sufficient to satisfy the population description in component 3. 
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 Model Solution Scoring 
B The selection of row E is likely to provide an 

overestimate of the proportion of all cabbage 
plants in the field that are damaged by aphids. If 
the farmer’s belief that the extent of aphid 
damage is greater for the regions in the cabbage 
field closer to the river is correct, then row E, 
which is the row of regions located closest to the 
river, is likely to have a greater proportion of 
cabbage plants damaged by aphids than regions 
farther from the river. 

 

Essentially correct (E) if the response satisfies the 
following three components: 
1. Indicates that the selection of row E is likely to 

produce an overestimate  
2. Provides a justification that is based on the 

location of row E as the row located closest to the 
river 

3. Links the location to why row E is likely to 
produce an overestimate (e.g., by referring to the 
farmer’s belief that the extent of aphid damage is 
greater for the regions in the cabbage field closer 
to the river) 

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

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

 

 

Scoring Notes: 
A response that indicates the selection of row E is likely to provide an underestimate may be scored P if the 
response provides a justification that ignores the farmer’s belief (either by omission or by specific mention) but 
includes a valid reason for why the regions further from the river may have more aphid damage.  
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 Model Solution Scoring 
C The farmer should write the region numbers 

from row A, 1 through 5, onto same-size slips of 
paper, then put the numbers into a hat, mix well, 
and select one of the numbers. The farmer should 
repeat this process for the region numbers of 
each of the other rows (i.e., row B, 6 through 10; 
row C, 11 through 15; row D, 16 through 20; row 
E, 21 through 25) and select one number from 
each row. This process will result in the 
selection of one region from each row. The 
farmer will examine every cabbage plant in each 
of the selected regions for aphid damage to 
determine the proportion of cabbage plants in the 
selected regions that are damaged by aphids. 

Alternative Solution: 
The farmer should use a random number 
generator to generate one two-digit integer from 
01 to 05, one two-digit integer from 06 to 10, one 
two-digit integer from 11 to 15, one two-digit 
integer from 16 to 20, and one two-digit integer 
from 21 to 25. For each integer selected, the 
farmer should select the corresponding 
numbered region and examine every cabbage 
plant in each of the selected regions for aphid 
damage to determine the proportion of cabbage 
plants in the selected regions that are damaged 
by aphids. 

 

Essentially correct (E) if the response satisfies the 
following four components: 
1. Describes a random selection process that 

indicates the groupings used for the strata (by 
rows) 

2. Describes how to correctly implement a random 
selection process for which the selection of 
regions within each stratum is equally likely 

3. Describes a random selection process for which 
the selections across strata are independent 

4. Describes a random selection process that results 
in the selection of one region from each stratum 

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

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

 

 

Scoring Notes: 
• A response may satisfy component 1 by referring to the five regions in the rows instead of using row letters. 
• For responses that use cards or slips of paper: 

o If the number of slips of paper (number of cards) does not equal 5 for each random selection, then 
component 1 is not satisfied. Slips of paper (cards) do not need to be specifically identified as 
equally sized. 

o If the response does not describe a thorough mixing (shuffling) of the slips of paper (cards), then 
component 2 is not satisfied. 

• For responses that use a random number generator or table of random digits: 
o If it is not clear that a random selection process allows the selection of regions within each stratum to 

be equally likely, then component 2 is not satisfied.  
o If the response does not clearly indicate that a random number is generated from the region numbers 

within each of the five rows (e.g., only describes the generation of five random numbers from the 
two-digit integers from 01 to 25), then component 4 is not satisfied. 
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• For responses that use a fair die: 
o If a five-sided fair die is rolled for each of the five rows and the response clearly indicates the region 

numbers assigned to the values on the die for each roll, then component 4 is satisfied. 
o If a six-sided die is rolled for each of the five rows and the response clearly indicates which number 

is excluded (e.g., “if a 6 is rolled, roll again until a non-6 number is achieved”) AND the response 
clearly indicates the region numbers (or columns) assigned to the values on the die for each roll, then 
component 4 is satisfied. 

o If a 25-sided fair die is rolled for each of the five selections, then component 4 is not satisfied 
without sufficient further justification because the selection of one region from each stratum is not 
guaranteed. 

• If a response describes two separate random selection processes in detail (e.g., describes how to use a 
random number generator and slips of paper in a hat), score both descriptions according to the four 
components and use the lower score. 

• If a response indicates that separate samples were taken from each of the strata, then component 3 is 
satisfied. 

• 

 

A response that selects columns instead of regions within strata cannot satisfy component 3. 

   AP® Statistics 2025 Scoring Guidelines  

© 2025 College Board 

Scoring for Question 2 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 parts partially correct 

OR 
No part essentially correct and two parts partially correct 

 

1 
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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. ( ) 100Rock Song 0.10
1,000

P = =   

 

ii. ( ) ( )( )Both Rock Songs 0.10 0.10 0.01P =   =

Essentially correct (E) if the response satisfies 

the following four components: 

1. In part A (i) the response calculates the correct 

probability. 

2. In part A (i) the response provides supporting 

work for the correct probability. 

3. In part A (ii) the response calculates the correct 

probability consistent with the answer in part  

A (i). 

4. In part A (ii) the response provides supporting 

work consistent with the probability calculated 

in part A (i). 

Partially correct (P) if the response satisfies two 

or three of the four components required for E. 

Incorrect (I) if the response does not meet the 

criteria for E or P. 

  

 

Scoring Notes: 

• In part A (ii) a response that does not consider independence when solving (e.g., ( 100 )( 99 ) = 0.0099
1000 999

) 

does not satisfy component 3 but may satisfy component 4. 

• If probabilities are not labeled but are given in the order they are asked, then the response may earn an E. 

If the probabilities are presented in a different order, there must be a label to satisfy the components. In 

this case, sufficient labels include probability notation, context, work, or identification of the subparts  

(i) and (ii). 
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    Model Solution Scoring 

B i. Let the random variable of interest, X, 

represent the number of the 20 songs played in 

one hour that are rock songs. It is stated that 

any song can be replayed at any time, which 

establishes that each rock song has probability 

100
0.10

1,000
=  of being selected each hour and 

each song is independent from every other 

song. Therefore, X has a binomial distribution 

with n = 20  independent trials and 

probability of success p = 0.10  for each trial. 

 

ii. The expected value for the number of rock 

songs played in one hour is 

( )20 0.10 2np = =  songs.  

 

Essentially correct (E) if the response satisfies 

at least three of the following four components: 

1. In part B (i) the response defines the random 

variable as the number of rock songs played in 

one hour. 

2. In part B (i) the response describes the 

distribution as binomial. 

3. In part B (i) or B (ii) the response states that 

n = 20 and p = 0.10 . 

4. In part B (ii) the response correctly calculates 

the expected value AND provides supporting 

work for the calculation of the correct expected 

value. 

 

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. 

Scoring Notes: 

=

=

• When defining the random variable, the response must include both “the number of rock songs” and “in 

one hour” or “out of 20 songs.” 

• A response that states X B~ (20,  0.1)  satisfies components 2 and 3. 

• If a response states the random variable has a distribution other than binomial (e.g., normal, left skewed, 

or uniform), part B cannot be scored E. 

• Stating that songs are distributed randomly is not a distribution and should be considered extraneous. 

• Examples that satisfy components 3 and 4 include:  

o ( )20 0.10 2np =   

o ( )100
20 2

1,000
np =   

o n = 20, p = 0.10, np = 2 

• An example that satisfies component 4 only: 

o 20(0.10) = 2   

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

C i. The probability that in a particular hour 4 or 

more rock songs will be played is 

( 4) 1 ( 3)P X P X≥ = − ≤  

( ) ( )

( ) ( ) ( ) ( )

( ) ( )

0 20

1 19 2 18

3 17

20
( 4) 1 0.10 0.90

0

20 20
0.10 0.90 0.10 0.90

1 2

20
0.10 0.90

3

P X
 

≥ = − + 

   
+   

   

  
    

  

 

+

( 4) 1 0.867 0.133P X ≥ = − = . 

 

ii. No, the probability that 4 or more rock songs 

would be played in an hour is 0.133, which is 

high enough to be reasonably attributed to 

chance alone. This probability is not small 

enough to provide evidence that the selection 

process was not truly random. 

Essentially correct (E) if the response satisfies 

the following four components: 

1. In part C (i) the response provides a correct 

probability. 

2. In part C (i) the response shows work that 

supports the correct probability. 

3. In part C (ii) the response indicates that there is 

not a strong reason to believe that the selection 

process was not truly random. 

4. In part C (ii) the response provides an 

explanation that correctly links the probability 

to the decision. 

 

Partially correct (P) if the response satisfies 

only two or three of the four components 

required for E. 

 

Incorrect (I) if the response does not meet the 

criteria for E or P. 

Scoring Notes: 

• A response may satisfy component 2 by any of the following:  

o Graphical display: Displaying a bar graph of binomial probabilities including axes with scale with 

appropriate bars shaded.  

o Probability formula: For example,  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
0 20 1 19 2 18 3 1720 20 20 20

1 0.10 0.90 0.10 0.90 0.10 0.90 0.10 0.90
0 1 2 3

       
− − − −       
       

. 

o Calculator function notation: Using calculator function notation with clearly defined arguments. For 

example:  

▪ 1 – binomcdf (n p= 20, = 0.10, upper bound = 3)  satisfies component 2 because the boundary 

value is clearly labeled. 

▪ 1 – binomcdf (n p= =20, 0.10, 3)  does not satisfy component 2 because the boundary value is 

not labeled. 

▪ Binomcdf (n p= =20, 0.10,  lower bound =4, upper bound = 20) satisfies component 2 because 

the boundary value is clearly labeled. 

o Random Variable: P X( ≥ 4)  or 1 − P X( 3)≤  with identification of the binomial distribution with 

correct parameters ( n = 20  and p = 0.10 ) included in part C satisfies component 2. 

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

• A response that indicates that the manager 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 C (i) may satisfy components 3 and 4. 

• A response that indicates that the manager does have a strong argument that the selection process was not 

truly random (or responds “yes”) that is supported by a statement claiming the probability is low may 

satisfy components 3 and 4. 
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• A response that indicates that the manager does not have a strong argument that the selection process was 

not random supported by the calculation of the standard deviation of the binomial distribution, 1.342, and 

an explanation based on 4 being within two standard deviations of the expected value (mean) may earn 

credit for components 3 and 4. 

• If a response gives two arguments, treat them as parallel solutions and score the weaker solution. 

• A response that finds the probability of exactly 4 songs playing (e.g., binompdf (20, 0.1, 4) = 0.089 ) and 

explains that this is not strong evidence that the selection process was not truly random may still satisfy 

components 3 and 4. 
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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 parts partially correct 

OR 

No part essentially correct and two parts partially correct 

 

1 
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Question 4: Focus on Inference  4 points 
 

General Scoring Notes 

 

     

• This question is scored in three sections. Each section is initially scored by determining if it meets the 

criteria for essentially correct (E), partially correct (P), or incorrect (I). The first section includes 

statements of the null and alternative hypotheses and identification of the appropriate hypothesis test. The 

second section includes verifying the conditions for the test identified in the first section and calculating 

the value of the test statistic and the corresponding p-value. The third section includes the conclusion for 

the test identified in the first section. The response is then categorized based on the scores assigned to each 

section 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 section 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 

Section

1 

 An appropriate inference procedure is a 

one-sample z-test for a population 

proportion. 

 

The null hypothesis is H0 : p = 0.22,   

and the alternative hypothesis is 

Ha : p > 0.22,  where p =  the true 

proportion of students at Karen’s high 

school that use the application at least once 

per week. 

 

Essentially correct (E) if the response satisfies 

the following four components:  

1. Identifies a one-sample z-test for a population 

proportion by name (e.g., “one-proportion  

z-test” but not merely “one-sample z-test”) or by 

formula  

2. States the correct equality for the null 

hypothesis with the value 0.22 

3. States the correct direction for the one-sided 

alternative hypothesis consistent with the null 

hypothesis 

4. Provides sufficient context for the parameter by 

including reference to the population proportion 

(true proportion of students at Karen’s high 

school) AND the sampling units (students) 

AND the response variable (using the 

application) 

 

Partially correct (P) if the response satisfies 

three of the four components required for E. 

 

Incorrect (I) if the response does not meet the 

criteria for E or P. 

Scoring Notes: 

• If the response identifies the correct test by name but also states an unreasonable formula, then component 

1 is not satisfied. 

• If the response identifies the test using the correct formula but equating it with a t instead of a z, then 

component 1 is not satisfied. 

• A response that states the null hypothesis as H0 : p ≤ 0.22  satisfies component 2. 
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• Components 2 and 3 may be satisfied without regard to the symbol (or lack of symbol) used to represent 

the population parameter. 

• Neither context nor the concept of the population is required to satisfy components 2 or 3. 

• A response that states the hypotheses in words (e.g., “the null hypothesis is that the proportion is 0.22, and 

the alternative hypothesis is that the proportion is greater than 0.22”) may satisfy components 2  

and 3.  

• A response that states the hypotheses in words and refers to the population in context (e.g., “the null 

hypothesis is that the population proportion of students at Karen’s high school that use the application at 

least once per week is equal to 0.22 and the alternative hypothesis is that the population proportion is 

greater than 0.22”) may satisfy components 2, 3, and 4. 

• If the null hypothesis is incorrect, the response can satisfy component 3 with a correct alternative 

hypothesis. 

• The elements of component 4 do not have to be satisfied with the statement of the hypotheses. They may 

be satisfied with the statement in the hypotheses, definition of the parameter, or the statement of the 

conclusion. 

• If the statement of the hypotheses refers to population proportion and the conclusion refers to sample 

proportion (or vice versa), then the population aspect of component 4 is not satisfied.  

• If the response clearly refers to the sample proportion instead of the population proportion using a p̂ , 

then component 4 is not satisfied unless the symbol used is defined as the population proportion. 

• A response may satisfy the population aspect of component 4 by the following: 

o Referring to the population by using words such as “population,” “all,” or “true” when defining the 

parameter or in the statement of the conclusion of the inferential procedure. 

o Using notation such as p, p0 ,  or π  when defining the hypothesis statements. 

Confidence Interval Approach: 

• If a one-sample z-interval for a population proportion is identified correctly by name (e.g., “one-proportion 

z-interval” but not merely “one-sample z-interval”) or by formula, then component 1 is satisfied. 

• If a response uses a one-sample z-interval for a population proportion, then component 4 is satisfied if the 

response indicates that it is a confidence interval for the true proportion of students at Karen’s high school 

that use the application at least once per week. 
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 Model Solution Scoring 

Section 

2 

The independent observation condition for 

performing the one-sample z-test for a 

population proportion is satisfied. This is 

because the data were obtained from a 

random sample of 130 high school students 

from Karen’s high school. Also, the sample 

of 130 students is less than 10% of the total 

number of students at this large high school, 

because 130 < 0.10(2,000)  and the total 

number of students in Karen’s high school 

is greater than 2,000. The 10% condition is 

required as sampling was conducted 

without replacement from a finite 

population.  

 

The number of expected successes and 

expected failures were both more than 10 

because 130(0.22) = 28.6  and 

130(0.78) = 101.4.  Thus, the sample size is 

large enough to support the assumption that 

the sampling distribution of p̂  is 

approximately normal. 

38
ˆ 0.2923

130
p = ≈   

Test statistic: 

( )

0.2923 0.22
1.99

0.22 1 0.22

130

z
−

=
−

  ≈

( 1.99) 0.023P z > ≈  

Essentially correct (E) if the response satisfies the 

following four components: 

1. Checks the independence condition by referring 

to the random sample of 130 students AND 

indicates that 130 is less than or equal to 10% of 

2,000  (i.e., (130) ≤ (0.10)N )  

2. Checks that the sample size is large enough to 

support the assumption that the sampling 

distribution of p̂  is approximately normal by 

verifying that the number of expected successes 

and expected failures were at least 10 by 

calculating the following values: 

n p0 = 130(0.22) = 28.6  and 

n p(1 − 0 ) = 130(0.78) = 101.4   

3. Correctly reports the value of the z-statistic 

4. Reports the value for the correct p-value 

consistent with the test statistic and the 

procedure stated in Section 1 

Partially correct (P) if the response satisfies only 

two or three of the four components required for E. 

Incorrect (I) if the response does not meet the 

criteria for E or P. 

 

 

Scoring Notes: 

• To satisfy the reference to the random selection of 130 students in component 1, it is minimally acceptable 

to state “random sample – check” or “SRS – check.” However, component 1 is not satisfied if the response 

implies that random assignment was used or only states “random – check.” 

• To satisfy component 2, a direct comparison must be made against a standard criterion (5 or 10) using 

either actual values of the observed successes and failures (38 and 92) OR values for the expected 

successes and failures (28.6 and 101.4) OR formulas for the expected number of successes and failures 

with values inserted (or defined elsewhere), such as 130(0.22)  and 130(1 − 0.22) .  

• If the response includes an inappropriate check of conditions, such as n > 30, then component 2 is not 

satisfied. 

• A response that reports the correct value for the z-statistic but contains errors in supporting work satisfies 

component 3. 

• A response that inputs correct values into the z-statistic formula but computes an incorrect value for the  

z-statistic, satisfies component 3. 
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• If the response incorrectly uses the sample proportion in calculating the standard error, the response does 

not satisfy component 3 but may satisfy component 4 ( z = 1.81  and p = 0.0351). 

o The following combinations of z-statistics and p-values may satisfy component 4 but not  

component 3: z = 1.76  and p = 0.039  OR z = 1.915  and p = 0.0276 . 

• If the response satisfies component 4, any supporting work for the p-value may be treated as extraneous. 

• To satisfy component 4, the p-value must be consistent with the alternative hypothesis and either the 

reported test statistic OR the correct test statistic (1.99). 

• If the response compares the value of the test statistic to a critical value instead of reporting a p-value, then 

the critical value (1.645), or a critical value consistent with the stated alternative hypothesis, satisfies 

component 4. 

• If the response omits identifying the hypotheses, the correct one-sided alternative hypothesis is assumed 

when scoring component 4. 

• If the response omits a test statistic, the correct test statistic is assumed when scoring component 4. 

• If an incorrect alternative hypothesis is stated, then the p-value must be consistent with the stated 

alternative hypothesis to satisfy component 4. 

Confidence Interval Approach: 

• If either a one-sided 95% confidence interval is correctly calculated as (0.227, ∞)  or a two-sided 90% 

confidence interval is correctly calculated as (0.227, 0.358),  then component 3 is satisfied. 

• If the alternative hypothesis corresponds to Ha : p > 0.22  and only the lower end of a confidence interval 

is used to reach a conclusion, then component 4 is satisfied. 

• Application of a confidence interval approach must be consistent with the stated alternative to satisfy 

component 4.  

• A two-sided 95% confidence interval is (0.214, 0.370)  and does not satisfy component 3. 
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 Model Solution Scoring 

Section 

3 

Because this p-value is less than the 

α = 0.05  significance level, the null 

hypothesis should be rejected. There is 

convincing statistical evidence that the 

population proportion of students at Karen’s 

high school that use the application at least 

once per week is greater than Country W’s 

proportion  

of 0.22. 

 

Essentially correct (E) if the response satisfies 

the following two components: 

1. Provides correct comparison of the p-value to 

alpha (p-value is less than/greater than alpha) 

AND provides a correct decision about the null 

and/or alternative hypothesis  

2. States a conclusion in context, consistent  

with, and in terms of, the alternative  

hypothesis using nondefinitive language 

Partially correct (P) if the response satisfies 

only one of the two components required for E.  

Incorrect (I) if the response does not meet the 

criteria for E or P. 

 

 

Scoring Notes: 

• To satisfy component 1, the response must clearly identify the number that is compared to alpha as a  

p-value (which can be identified anywhere in the response).  

• If the comparison and decision are consistent with an incorrect p-value (or an incorrect value of the test 

statistic or an incorrect confidence interval), the response may satisfy component 1. This also applies to 

incorrect p-values that are unreasonable (e.g., p-value = 3.2 ).  

• To satisfy the p-value comparison in component 1, the response can compare the value of the test statistic 

to an appropriate critical value (e.g., z > 1.645 ). 

• If the response includes any statement equivalent to “accept the null hypothesis,” component 1 is not 

satisfied.  

• An explicit decision (Fail to Reject/Reject) is not required to satisfy component 1. The decision part of 

component 1 may be satisfied by implying the decision within the conclusion statement (insufficient 

evidence/sufficient evidence for the alternative hypothesis).  

• If an explicit decision is stated and the conclusion is inconsistent with the decision, component 1 is not 

satisfied.  

• To satisfy the context in component 2, the response must reference proportion, students (may be implied), 

and using the application OR answers the inference question.  

• If the response omits hypotheses, assume the correct alternative hypothesis is provided when scoring 

component 2.  

• If the response states incorrect hypotheses, component 2 may be satisfied by either stating a conclusion in 

terms of the incorrect hypothesis or by stating the conclusion by answering the inference question given in 

the stem (e.g., “the results from this study do not provide convincing statistical evidence that the 

proportion of students at Karen’s high school that use the application at least once per week is greater than 

0.22”).  

• Definitive language, such as the following, does not satisfy component 2: “proves the null,” “proves the 

alternative,” “accepts the alternative,” and “there is no evidence for the alternative.” 

• Nondefinitive language, such as the following, is required to satisfy component 2: “evidence to accept the 

alternative,” “there is evidence for the alternative,” and “there is not sufficient evidence for the alternative.”  
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• If components 1 and/or 2 are satisfied and the response provides an incorrect interpretation of the p-value, the 

score is lowered from E to P or P to I.  

Confidence Interval Approach: 

• If the alternative hypothesis is specified correctly as Ha : p > 0.22 , then component 1 is satisfied if the 

justification is based on whether 0.22 is below the lower end of the confidence interval. If the alternative 

hypothesis is stated in the wrong direction, then component 1 is satisfied if the justification is based on 

whether 0.22 is above the upper end of the confidence interval.  

• If an incorrect two-sided alternative hypothesis is specified, then component 1 is satisfied if the justification is 

based on whether 0.22 is included in the confidence interval.  

• If no alternative hypothesis is specified in the response, then assume the correct alternative hypothesis is 

provided when scoring component 2.  

• If the response includes an incorrect interpretation of the confidence interval, then the score for Section 3 is 

lowered from E to P or from P to I. 
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Scoring for Question 4 Score 

Complete Response 

Three sections essentially correct 

4 

Substantial Response 

Two sections essentially correct and one section partially correct 

3 

Developing Response 

Two sections essentially correct and no section partially correct 

OR  

One section essentially correct and one or two sections partially correct 

OR  

Three sections partially correct 

2 

Minimal Response  

One section essentially correct and no section partially correct 

OR  

No section essentially correct and two sections partially correct 

1 

 

18



AP Statistics: 2024
AP® Statistics 2024 Scoring Guidelines   

© 2024 College Board 

Question 2: Focus on Exploring Data 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)  
 

 Essentially correct (E) if the response satisfies 
the following two components: 
1. The elementary school’s segmented bar graph 

is correctly partitioned according to the given 
proportions  

2. The middle school’s segmented bar graph is 
correctly partitioned to create three equal areas 

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

Additional Notes: 
• Responses that do not use the key given may still satisfy both components as long as a new key is 

provided that defines small, medium, and large bottles. 
• Responses that do not use the key given and do not define a new key may receive credit for component 2 

as long as the bar is vertically partitioned to create three equal areas, but do not satisfy component 1.  
• Responses need to be within 0.05± of the actual cutoff to be acceptable for demonstrating equal areas.  
• Responses do not need to be drawn in the order from smallest bottles to largest bottles as shown in the 

model solution. For example, the graph could be drawn from largest bottles to smallest bottles. 
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 Model Solution Scoring 

(b)  

 

No, the segment for small bottles for the 
elementary school is wider than the segment for 
small bottles for the middle school; however, the 
middle school students sold three times as many 
bottles as the elementary school students. So, if 
the elementary school sold x  number of bottles, 
the middle school sold 3x  number of bottles.  

For example, if the elementary students sold 100 
bottles total, then they sold ( )0.5 100 or 50 small 
bottles. However, because the middle school 
students sold three times the total number of 
bottles as the elementary students, they would 
have sold 300 bottles total and 

( )( )0.3 300 100=  small bottles. Because 

100 50,>  the middle school sold more small 
bottles, and the elementary school’s 
administrator is not correct. 

 

Essentially correct (E) if the response satisfies 
the following three components: 
1. States that the elementary school’s 

administrator is incorrect 
2. Provides correct mathematical support 

verifying the middle school sold more small 
bottles than the elementary school, consistent 
with the response to component 1 

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

Additional Notes: 
• A response that shows mathematical support by showing the inequalities 0.5 0.3(3 ),x x<  0.5 ,x x<  

0.5(1) 0.3(3),<  or ( )( ) ( )( )1 30.5 0.34 4<  may satisfy component 2. 

• In order to satisfy component 3, a response must include “elementary,” “middle,” and “bottles.” 
• Part (b) should be scored consistent with the response to part (a). 
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 Model Solution Scoring 
(c) 

 
 

(i) The mosaic plot shows that the proportion of 
large bottles sold by High School A was 0.7  
and the proportion of large bottles sold by 
High School B was 0.6.  High School A sold 
a greater proportion of large bottles because 
0.7 0.6.>   

 
(ii) The number of bottles sold is represented by 

the area of the shaded region. The area of the 
rectangle representing large bottles sold by 
High School B is clearly larger than the area 
of the rectangle representing large bottles 
sold by High School A. Therefore, High 
School B sold more large bottles than High 
School A.  

 

Essentially correct (E) if the response satisfies 
the following four components: 
1. In part (c-i) the response indicates that High 

School A sold a greater proportion of large 
bottles 

2. In part (c-i) the response bases reasoning on 
the height of the rectangles or the relative 
frequencies representing large bottles 

3. In part (c-ii) the response indicates that High 
School B sold a greater number of large 
bottles 

4. In part (c-ii) the response indicates that the 
area of the rectangle representing large bottles 
sold by High School B is larger than the area 
of the rectangle representing large bottles sold 
by High School A 

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

Additional Notes: 
• If a response refers to “proportions” rather than relative frequencies in part (c-i), the values 0.7  and 0.6  

must be provided to satisfy component 2. 
• If the response bases reasoning on the heights of rectangles in part (c-i), the response must clearly state 

that the rectangles representing large bottles are referenced. 
• If the response bases reasoning on the areas of rectangles in part (c-ii), the response must clearly state that 

the areas representing large bottles are referenced. 
• A response that provides reasonable estimates of the large bottle areas may satisfy component 4. 
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Scoring for Question 2 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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Question 6: Investigative Task 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) 

 

Let X represent the amount of gold applied to a 
necklace randomly selected from necklaces 
produced with this machine. The random 
variable X has an approximately normal 
distribution with mean 300 mg and standard 
deviation 5 mg. 
 
Then,  

( ) ( )

(296 304)
      ( 304) ( 296)

304 300 296 300        = 5 5
      ( 0.8) ( 0.8)
      0.7881 0.2119 0.5763.

P X
P X P X

P Z P Z

P Z P Z

< <
= < − ≤

− −< − ≤

= < − ≤ −
≈ − ≈

 

 
 

Essentially correct (E) if the response satisfies the 
following three components: 
1. Indicates the use of a normal distribution with 

mean 300 and standard deviation 5 
2. Specifies the correct event (boundary value and 

direction) or an event consistent with values 
reported in component 1 

3. Provides the correct probability of 0.5763 or a 
probability consistent with components 1 and 2 

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

Additional Notes: 
Component 1 
• A response may satisfy component 1 by any of the following or a combination of the following: 

o Graphical: Displaying a graph of a normal density function with the appropriate scale on the horizontal 
axis showing the mean and the standard deviation for the distribution of the amount of gold applied to 
the necklaces. 

o Calculator function syntax: Labeling correct values of the mean and standard deviation in a  
“ normalcdf ” statement, such as: 

( )normalcdf lower 296, upper 304, mean 300, standard deviation 5 .= = = =  
Correct specification of the lower and upper bounds is not required to satisfy component 1. 

o Words: Using a statement such as “normal distribution with mean 300 and standard deviation 5.” 
o Standard Notation: Using standard notation such as (300,5)N  or ( )2(300, 5 ).N   
o Z-score: Displaying the correct mean and standard deviation in a z-score calculation that includes “z,” 

such as 304 300 .5z −=  
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Component 2 
• A response may satisfy component 2 by any of the following or a combination of the following:  

o Graphical: Displaying a graph of a normal density function with the region of interest  
( 296 amount of gold 304< <  or 0.8 0.8Z− < < ) clearly identified. The shaded area does not need to 
be proportional, but the boundaries should be on the proper side of the mean and the shading should be 
in the proper direction.  

o Calculator function syntax: Labeling the lower and upper bounds of the region of interest in a 
“normalcdf” statement, such as: 
 ( )normalcdf lower 296, upper 304, mean 300, standard deviation 5 .= = = =  
 ( )normalcdf lower 0.8, upper 0.8, 0, 1 .µ σ= − = = =    

o Words: Specifying the correct event in words with correct numerical value for the boundary value and 
correct direction, such as “the probability that the amount of gold applied to a randomly selected 
necklace is between 296 and 304 mg” or (296 amount of  gold 304).P < <   

o Standard Notation: Using standard notation such as ( )296 304P X< <  or 

( )296 300 304 300
5 5P Z− −< <  or ( 0.8 0.8).P Z− < <   

General 

• Minor errors in statistical notation may be ignored. However, this is considered poor communication if 
holistic scoring is required. 

• If the only error in the response to part (a) is the reversal of the numerator for the z-score, ( )300 296−  or 
( )300 304 ,− the response is scored P. 

• An arithmetic or transcription error in a response can be ignored if correct work is shown.  
• A response that satisfies components 1 and 2 by including more than calculator syntax (e.g., standard 

random variable notation and probability notation) is considered good communication and may be 
considered if holistic scoring is required. 
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 Model Solution Scoring 
(b) 

 

(i) If the machine is working properly, and the sample 
mean amount of gold, X , has a sampling 
distribution that follows a normal distribution with 
mean 300 mg and standard deviation 

5 3.5355 mg,
2
≈  then 

( 303)

303 300          = 5
2

     ( 0.8485)
     0.198.

P X

P Z

P Z

>

 
 −> 
 
 

≈ >
≈

 

 (ii) Observing a sample mean amount of 303 mg 
would not provide convincing evidence that the 
population mean amount of gold being applied by 
the machine is something other than 300 mg 
because the probability of observing a sample 
mean that differs from 300 mg by 3 mg or more is 
large, around 0.198(2) 0.396.=  

 
 

Essentially correct (E) if the response satisfies 
components 1, 4, and 5 AND at least one of 
components 2 or 3: 
1. In part (b-i), indicates the use of a normal (or 

an approximately normal) distribution and 
identifies the correct parameter values (mean 
300 mg and standard deviation 

5 3.5355 mg
2
≈ ) with work shown or a 

correct formula 
2. In part (b-i), specifies the correct event 

(boundary value and direction) 
3. In part (b-i), provides the correct probability 

of 0.198 or the probability consistent with 
components 1 and 2 

4. In part (b-ii), indicates whether observing a 
sample mean of 303 mg would provide 
convincing evidence that the population mean 
is not 300 mg, consistent with the response to 
part (b-i) 

5. In part (b-ii), provides justification based on 
the probability obtained in part (b-i) or a 
correctly computed probability in part (b-ii) 

 
Partially correct (P) if the response does not 
meet the requirements for E and satisfies at least 
three of the five components 
OR 
the response satisfies only components 4 and 5, 
consistent with the response to part (b-i) 
OR 
the response satisfies only component 1 and one 
of the other four components. 
 
Incorrect (I) if the response does not meet the 
criteria for E or P. 
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Additional Notes: 
Component 1 
• A response may satisfy component 1 by any of the following or a combination of the following: 

o Graphical: Displaying a graph of a normal density function with the appropriate scale on the horizontal 
axis showing mean and standard deviation for the distribution of mean amount of gold. 

o Calculator function syntax: Labeling correct values of the mean and standard deviation in a “normalcdf” 
statement, such as “normalcdf” or “ncdf”, e.g.,  

 ( )5normalcdf lower 303, upper , mean 300, standard deviation .
2

= = ∞ = =   

Correct specification of the upper and lower bounds is not required to satisfy component 1. 
o Words: Using a statement such as “approximately normal distribution with mean 300 and standard 

deviation 5 .
2

”  

o Standard Notation: Using standard notation such as ( )5300,
2

N  or ( )25300, .
2

N  
 
 

 

o Z-score: Displaying the correct mean and standard deviation in a z-score calculation, which includes “z,” 

such as 303 300 .5
2

z −=   

o To satisfy the supporting work criterion of component 1 the response must clearly indicate that the 
standard deviation for X  is computed by dividing 5 by the square root of 2. This may be indicated with 

5
2

,  words, or standard notation such as .
n
σ  

Component 2 
• A response may satisfy component 2 by any of the following or a combination of the following:  

o Graphical: Displaying a graph of a normal density function with the region of interest ( 303X >  or 
0.8485Z > ) clearly identified. The shaded area does not need to be proportional, but the boundary 

should be on the proper side of the mean and the shading should be in the proper direction.  
o Calculator function syntax: Labeling the lower and upper bounds of the region of interest in a 

“normalcdf” statement, such as: 

 ( )5normalcdf lower 303, upper , mean 300, standard deviation .
2

= = ∞ = =  

 ( )normalcdf lower 0.8485, upper , 0, 1 .µ σ= = ∞ = =  
o Words: Specifying the correct event in words with correct numerical value for the boundary and correct 

direction, such as the “probability that the mean amount of gold applied to two randomly selected 
necklaces is greater than 303 mg” or (mean amount of  gold 303).P >   

o Standard Notation: Using standard notation such as or ( )303P X >  or ( )303 300
3.5355P Z −>  or 

( ).0.8485P Z >  
Component 3 
• A response may satisfy component 3 if the reported probability is consistent with components 1 and 2. If a 

normal distribution with a mean of 300 mg and standard deviation 5 mg is used, the probability reported 
should be 0.274. 
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General 
• Minor errors in statistical notation may be ignored. However, this is considered poor communication and 

may be considered if holistic scoring is required. 
• If the only error in part (b) is the reversal of the numerator for the z-score ( )300 303 ,−  the response is 

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

Alternate Solution:  

• A response that calculates the probability that the total amount of gold on the two randomly selected 
necklaces is greater than 606 mg ( )2 303mg×  can be scored essentially correct if the response 
demonstrates:  

o The use of a normal (or approximately normal) distribution and the correct mean and standard deviation 
for the distribution of the total amount of gold applied to two randomly selected necklaces, (e.g., 

( )600,7.071 ,N  or mean 2(300) 600 mg= =  and standard deviation ( )22 5 7.071 mg,= ≈  or 

606 600 0.84857.071z −= ≈ ), satisfying component 1. 

o Specifies the correct event, including the correct boundary value of 2(303) 606totalx = =  or 
0.8485,z ≈  and the correct direction, satisfying component 2. 

o The probability is correctly computed using the mean and the standard deviation of the total amount of 
gold applied to two randomly selected necklaces. An arithmetic error can be ignored if correct work is 
shown and the result is between 0 and 0.5. 

• While the probability of a difference in part (b-ii) is twice the probability found in part (b-i), it is not 
necessary for a response to double the probability in part (b-i). However, if the probability in part (b-i) is 
doubled, that should be considered if holistic scoring is required. 
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 Model Solution Scoring 
(c) 

 

(i) The sampling distribution of the sample 
range for random samples of size 2n =  
from a normal distribution with standard 
deviation 5σ =  is skewed to the right. 
Almost all values of the simulated ranges 
are between 0 mg and about 25 mg and the 
center of the distribution is about 6 mg. 

 
(ii) As the value of the population standard 

deviation increases, the variation (spread) in 
the distribution of the sample range 
increases and the mean of the distribution of 
the sample range also increases. 

 

Essentially correct (E) if the response satisfies four 
or five of the following five components: 
1. In part (c-i), describes the shape as positively 

skewed (or skewed to the right) 
2. In part (c-i), describes the center of the 

distribution as about 6 mg 
3. In part (c-i), describes the spread of the 

simulated sample ranges as having most values 
between 0 mg and 30 mg 

4. In part (c-ii), indicates that the mean (or center) 
of the distribution of the sample range increases 
as the population standard deviation increases 

5. In part (c-ii), indicates that the variation (or 
spread) of the distribution of the sample range 
increases as the population standard deviation 
increases 
 

Partially correct (P) if the response satisfies three 
of the five components  
OR 
the response satisfies only components 4 and 5 
OR  
the response only satisfies components 2 and 4 
OR 
the response satisfies only components 3 and 5. 
 
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• The centrality component of the response to part (c-i) may be satisfied with any reasonable description of 

center, such as a comment on the approximate value of mean or median of the distribution or indication that 
the center is somewhere between 4 and 10 mg. 

• The spread component of the response to part (c-i) may be satisfied with a reasonable statement about the 
inter-quartile range. Any value between 5 and 7, inclusive, is considered reasonable. 

• Although the actual range of the sample distribution of the sample range is infinite, a comment that the range 
is any value between 20 and 30 may be scored as satisfying the spread component of the response to  
part (c-i). 

• The response to part (c-ii) need not comment on the skewness of the distributions. Any comment on the 
skewness of the distributions should be considered as extraneous in scoring the response. 
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 Model Solution Scoring 
(d) 

 

(i) No, a sample range of 10 mg is not unusual if 
the machine is working properly with a 
standard deviation of 5 mg. 
 
Although observing a sample range around 
10 mg or greater is much more likely if the 
population standard deviation is 8 mg or 
12 mg than when the population standard 
deviation is 5 mg, the graph of the sampling 
distribution of the sample range for samples 
of size 2 from a normal distribution with 

5 mgσ =  indicates that 10 mg is not an 
unusual value for the range when 5 mgσ = . 
There is about a 20% chance that a random 
sample of two necklaces would yield a range 
of 10 mg or more when the machine is 
working properly.  
 

(ii) No, Cleo’s sample mean of 303 mg and range 
of 10 mg do not indicate that the machine is 
not working properly. As noted in part (b-i), 
the probability that the sample mean would 
be equal to or greater than 303 mg when the 
machine is working properly is almost 20% 
so having a sample mean of 303 mg is not 
unusual. Furthermore, it is less than one 

standard deviation, 5 3.5355 mg,
2
=  away 

from 300 mg. As indicated in part (d-i), the 
probability of a range of 10 mg or greater 
when the population standard deviation is 5 
mg is also about 20%, so not unusual. There 
is not statistically significant evidence to 
show the machine is not working properly. 

 
 
 

Essentially correct (E) if the response satisfies 
four or five of the following five components: 
1. In part (d-i), indicates a sample range of 10 mg 

is not unusual 
2. In part (d-i), justifies the response to 

component 1 by indicating that the graph of 
the sampling distribution of the sample range 
when 5σ =  mg shows that values of 10 mg 
or greater occur often  

3. In part (d-ii), indicates there is not convincing 
evidence that the machine is not working 
properly 

4. In part (d-ii), justifies the response by 
indicating that a sample mean of 303 mg 
would not be unusual when the machine is 
working properly with one of the following 
• 303 mg is less than one standard deviation 

away from 300 mg 
• The probability that the mean is greater 

than or equal to 303 mg was shown in (b) 
to have probability of 0.198, which is not 
unusual 

• Some other reasonable justification 
5. In part (d-ii), justifies the response by 

indicating that a sample range of 10 mg is not 
unusual when the machine is working properly 
as discussed in part (d-i) 

 
Partially correct (P) if the response does not meet 
the requirements for E and satisfies at least three of 
the five components  
OR 
the response satisfies components 1 and 2  
OR  
the response satisfies component 3 and either 
component 4 or 5. 
  
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• An argument that a sample range of 10 mg or more is more likely to occur (or closer to the center of the 

sampling distribution of the range) when 8σ =  mg or 12σ =  mg is not required for component 2, but by 
itself does not satisfy component 2. Inclusion of this argument should be considered if holistic scoring is 
required. 
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• Other reasonable justifications to satisfy component 4 include arguments based on a z-value close to zero, a 
one-sample z-test or one-sample t-test for a population mean, or a one sample z-interval or t-interval for a 
population mean. 

 
Alternate Solutions:  

• A response that uses the intersection (or union) of the event ‘the sample mean is greater than or equal to 
303 mg’ and the event ‘the sample range is greater than or equal to 10 mg’ can satisfy components 3, 4, 
and 5. 

o Components 3, 4, and 5 are satisfied if the response shows, for example: 

 Let ( ) ( )mean 303 0.198P M P == ≥  (from part b-ii). 

 Let ( ) ( )range 10 if 5 0.2P R P σ= ≥ = ≈  (from part d-i). 

 For Intersection: ( ) ( ) ( ) ( )( )  0.198 0.2 0.0396,P M and R P M P R= = =  because this probability 
is small, this is evidence that the machine is not working properly. 

 For Union: ( ) ( ) ( ) ( ) ( ) ( )( )  0.198 0.2 0.198 0.2 0.3584,P M or R P M P R P M P R= + =− = + −  
because this probability is large, this is not evidence that the machine is not working properly. 

 
General Notes: 
• Context (amount of gold in necklaces) is not required in parts (a), (b), (c), or (d) of the response. However, 

including context is considered good communication and may be considered if holistic scoring is required.  
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Scoring for Question 6 
Each essentially correct (E) part counts as 1 point, and each partially correct (P) part counts as ½ point. 
 Score 

Complete Response 4 

Substantial Response 3 

Developing Response 2 

Minimal Response 1 

If a response is between two scores (for example, 2 ½ points), use a holistic approach to decide whether to 
score up or down, depending on the strength of the response and quality of the communication. 
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