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Question 5: Multi-Focus 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 random variable X represent the number 

of bedrooms in a randomly selected newly 

built house in the 2024 sample from Country 

B. The probability that a randomly selected 

house from the 2024 sample had fewer than  

3 bedrooms is the probability that the house 

had either 1 or 2 bedrooms, which is 

( 3) ( 1) ( 2)P X P X P X< = = + =  

( 3) 0.12 0.22P X < = +  

( 3) 0.34P X < = . 

ii. The average number of bedrooms per house 

for the sample of newly built houses in 2024 

is 

( ) ( ) ( )

( ) ( ) ( )

( ) 1 0.12 2 0.22 3 0.28

4 0.22 5 0.14 6 0.02

E X = + + +

+ +
  

( ) 3.10E X =  bedrooms. 

Essentially correct (E) if the response satisfies 

at least three of the following four components: 

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

the probability of 0.34. 

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

work or justification for component 1. 

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

the mean of 3.10. 

4. In part A (ii) the response provides 

supporting work or justification for 

component 3. 

 

Partially correct (P) if the response satisfies 

only two of the components required for E. 

 

Incorrect (I) if the response does not meet the 

criteria for E or P. 

Scoring Notes: 

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

• 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(0.12) + +2(0.22) ...  . 

• A response to part A (ii) that indicates use of the appropriate formula for the mean of a discrete random 

variable in words (e.g., “the sum of x times p of x for all values of x”) or describes an appropriate method 

(e.g., using the given distribution to create a hypothetical sample of 100 and then calculating the mean) 

may satisfy component 4. 
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 Model Solution Scoring 

B i. Let μ =  the population mean number of 

bedrooms in newly built houses in 2024 from 

Country B. The null hypothesis is 

H0 : μ = 2.9  and the alternative hypothesis is 

Ha : μ ≠ 2.9 . 

 

ii. A Type I error would be determining that the 

population mean number of bedrooms in newly 

built houses in 2024 from Country B is not 

equal to 2.9 when it is in fact 2.9. 

Essentially correct (E) if the response satisfies 

the following four components:  

1. In part B (i) the response states the correct 

equality for the null hypothesis with the  

value 2.9. 

2. In part B (i) the response states the correct  

two-sided alternative hypothesis consistent 

with the null hypothesis. 

3. In part B (i) the response provides sufficient 

context for the parameter by including a 

reference to the population mean AND the 

response variable (bedrooms) AND the 

sampling units (newly built houses). 

4. In part B (ii) the response correctly defines a 

Type I error in context. 

 

Partially correct (P) if the response satisfies 

only three of the four components required for 

E. 

 

Incorrect (I) if the response does not meet the 

criteria for E or P. 

Scoring Notes: 

• Components 1 and 2 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 1 or 2. 

• A response that states the hypotheses in words (e.g., “the null hypothesis is that the mean is 2.9, and the 

alternative hypothesis is that the mean is not equal to 2.9”) may satisfy components 1 and 2.  

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

hypothesis is that the population mean number of bedrooms in newly built houses in 2024 from Country B 

is equal to 2.9, and the alternative hypothesis is that the population mean number of bedrooms in newly 

built houses in 2024 from Country B is not equal to 2.9”) may satisfy components 1, 2, and 3. 

• If the response clearly refers to the sample mean instead of the population mean using words or a symbol 

(e.g., x  or μ̂ ), then component 3 is not satisfied unless the symbol used is defined as the population 

mean. 

• The phrase “mean number of bedrooms” or “mean number of bedrooms for houses” is not sufficient for 

the population aspect of component 3.  

• A response may satisfy the population aspect of component 3 by the following: 

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

parameter. 

o Using notation such as μ  when defining the hypothesis statements.  

• A response that refers to “bedrooms” OR “rooms” may satisfy context for component 4. 
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 Model Solution Scoring 

C Because the value 2.9 is not contained within the 

97% confidence interval, the null hypothesis 

should be rejected. Therefore, there is convincing 

statistical evidence, at the α = 0.03  level of 

significance, that the population mean number of 

bedrooms in newly built houses in 2024 from 

Country B is not equal to 2.9 (or is different than 

that in 2017). 

Essentially correct (E) if the response satisfies 

the following two components: 

1. States a conclusion consistent with and in 

terms of the alternative hypothesis using 

nondefinitive language 

2. Provides a justification for the conclusion by 

indicating that 2.9 is not contained within the 

confidence interval 

 

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: 

• A response that only provides an interpretation of the given confidence interval is scored I. 

• A response may satisfy the conclusion aspect of component 1 by using words such as “there is evidence to 

support the alternative,” “there is statistical evidence that Ha is true,” “I am 97% confident there is a 

difference in means,” or “because 2.9 is not included in our interval, it is not a plausible value for the 

mean.” 

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

satisfied. A response that incorrectly indicates that 2.9 is contained in the confidence interval and then 

provides an otherwise correct conclusion based on 2.9 being contained in the interval satisfies component 

1 but not component 2. 

• A response that provides a conclusion that is consistent with an incorrect alternative hypothesis identified 

in part B satisfies component 1. 

• A definitive response that states that the average number of bedrooms is 3.10 (the value of the sample 

mean or any other number) does not satisfy component 1, even if the response makes additional correct 

statements about the alternative hypothesis. 

• A response that draws a conclusion that is clearly about the sample mean (e.g., a statement about “average 

number of bedrooms for newly built houses in the study”) does not satisfy component 1.  

• If the conclusion includes a definitive statement (e.g., “this proves that we have enough evidence that the 

mean number of bedrooms in newly built homes in 2024 is 2.9” or “Rodney is correct; the mean number 

of bedrooms in newly built homes in 2004 is 2.9”), then component 1 is not satisfied.  

• A response that reverse engineers the given confidence interval to obtain a standard error using a 

reasonable critical value for a 97% confidence interval and then uses the standard error to compute a  

t-statistic and p-value to reach a correct conclusion satisfies component 1 but does not satisfy  

component 2. 
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Scoring for Question 5 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) 

 

The random variable X is the dollar value of the 
cash prize in a bath fizzy. 
(i) The proportion of bath fizzies containing $1 

is equal to the ( $1)P X =  and 
( $1)
1 (0.2 0.05 0.05 0.01 0.01)
0.68.

P X =
= − + + + +
=

 

(ii)  The proportion of bath fizzies that contain 
at least $10 is equal to the ( $10)P X ≥  and  

( $10)
0.05 0.05 0.01 0.01
0.12.

P X ≥
= + + +
=

  

 
 

Essentially correct (E) if the response satisfies 
at least three of the following four components: 
1. Correctly calculates the proportion of bath 

fizzies containing $1 
2. Provides correct supporting work for the 

value calculated in component 1  
3. Correctly calculates the proportion of bath 

fizzies containing at least $10 
4. Provides correct supporting work for the 

value calculated in component 3  
 
Partially correct (P) if the response satisfies 
only two of the four components. 
 
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• A response that provides a correct percentage, instead of a proportion, may satisfy components 1 and 3, 

such as 68 percent or 12 percent. 
• An arithmetic or transcription error in a response can be ignored if correct work is shown. 

  

5



AP Statistics: 2023
AP® Statistics 2023 Scoring Guidelines   

© 2023 College Board 

 Model Solution Scoring 

(b) 

 

Given a bath fizzy contains at least $10, then the 
probability that it contains $100 is 

( $100 | $10)
0.01= 0.12
0.0833.

P X X= ≥

≈

 

Essentially correct (E) if the response satisfies 
the following two components: 
1. Correctly calculates the requested probability 
2. Shows work consistent with their response to 

part (a-ii) 
 
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 specific conditional probability statement is not required, but if correctly given should be considered a 

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

(c) 
 
 

The expected value of the distribution of X is 
( ) 1(0.68) 5(0.2) 10(0.05)

20(0.05) 50(0.01) 100(0.01)
$4.68.

E X = + +
+ + +

=
  

 
The expected value is the mean of the cash 
prizes that result from the long run of many, 
many trials of randomly selecting bath fizzies 
and determining the amount each contains. 

 

Essentially correct (E) if the response satisfies 
both components 1 and 2 AND at least two of 
components 3–5:  
1. States the correct expected value  
2. Shows appropriate work to calculate the 

expected value 
3. Interpretation includes the concept of 

repeating the selection process over a long 
period of time  

4. Interpretation includes the concept of an 
average or mean  

5. Interpretation includes the context of 
receiving a cash prize 
 

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 0.68 5 0.2+ + . 
• Calculator notation does not satisfy component 2, such as ( ).1  VAR STATS L1, L2−   
• Responses that satisfy only components 1 and 5 or only components 2 and 5 receive a score of I but 

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

(d) 
 
 

The expected value of the distribution of X in 
euros is 4.68(0.89) 4.17≈  euros. 
 

  

 

Essentially correct (E) if the response correctly 
calculates the number of euros for the expected 
value showing work and including units. 

 
Partially correct (P) if the response correctly 
calculates the number of euros for the expected 
value but is missing either work or units. 
 
Incorrect (I) if the response does not meet the 
criteria for E or P. 
 

Additional Notes: 
• A response that does not have at least one decimal place in the final response (e.g., rounded to an integer) 

should be scored no more than P. 
• The response can either use the expected value calculated in part (c) or first convert all the values in the 

probability distribution to euros to find the new expected value.  
• An arithmetic or transcription error in a response can be ignored if correct work is shown. 
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Scoring for Question 3 
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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Question 1 
 
Intent of Question  
 
The primary goals of this question were to assess a student’s ability to (1) compare features of two 
distributions of data displayed in boxplots and (2) identify statistical measures that are important in 
making decisions based on data sets. 
 
Solution 
 
Part (a): 
 

The median salary is approximately the same for both corporations. The range and interquartile range 
of the salaries are greater for Corporation A than for Corporation B. The two highest salaries at 
Corporation A are outliers while Corporation B has no outliers. 
 

Part (b): 
 
(i)  Five years after starting, at least 3 out of 30 (10%) of the salaries at Corporation A are greater than 

the maximum salary at Corporation B. If I accept the offer from Corporation A, I might be able to 
make a higher salary at Corporation A than at Corporation B.  

 
(ii)  Five years after starting, the minimum salary at Corporation B is greater than at Corporation A. In 

fact, at Corporation A it looks like some people are still making the starting salary of $36,000 and 
never received a raise in the five years since they were hired. So if I work at Corporation A, I might 
never receive a raise in salary.  

 
Scoring 
 
Parts (a) and (b) are scored as essentially correct (E), partially correct (P), or incorrect (I). 
 
Part (a) is scored as follows: 
 

Essentially correct (E) if the response includes the following four components: 
1. A correct comparison of center. 
2. A correct comparison of spread. 
3. A discussion of the outliers for Corporation A. 
4. The response is in context. 

 
Partially correct (P) if the response includes only three of the four components. 
 
Incorrect (I) if the response includes at most two of the four components. 
 
Note: Any mention of shape should be ignored because complete shape information cannot be 
determined from a boxplot. 
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Question 1 (continued) 
 

Part (b) is scored as follows: 
 

Essentially correct (E) if the response includes the following four components: 
1. In part (b-i) a relevant statistical measure is identified (or described) or a relevant statistical 

comparison is provided that supports the choice of Corporation A. 
2. In part (b-i) an explanation is provided for why the measure or comparison is relevant. 
3. In part (b-ii) a relevant statistical measure is identified (or described) or a relevant statistical 

comparison is provided that supports the choice of Corporation B. 
4. In part (b-ii) an explanation is provided for why the measure or comparison is relevant. 

 
Partially correct (P) if the response includes only two or three of the four components.  
 
Incorrect (I) if the response includes none or one of the four components.  
 
Note: If a response does not provide a statistical measure or comparison in part (b-i) or (b-ii), the 
second and fourth components can still be satisfied if an acceptable explanation is provided that 
would follow from a relevant statistical measure or comparison. For example, if the response in  
part (b-i) only states “At Corporation A, I have the potential to earn a higher salary,” the second 
component is satisfied.  

 
4 Complete Response 

   
   Both parts essentially correct 
  

3 Substantial Response  
 
   One part essentially correct and one part partially correct 
 

2 Developing Response 
 
   One part essentially correct and one part incorrect 

  OR 
   Both parts partially correct 
 

1 Minimal Response 
 
   One part partially correct and one part incorrect   
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Question 2 
 
Intent of Question  
 
The primary goals of this question were to assess a student’s ability to (1) use confidence intervals to test a 
question about a proportion and (2) understand the relationship between sample size and margin of error 
in a confidence interval for a proportion. 
 
Solution 
 
Part (a): 
 

(i)  No. The confidence interval is ( )0.09, 0.21 ,  which includes the value of 0.20. Therefore, it is 
plausible that the computer program is generating discounts with a probability of 0.20, and the 
confidence interval does not provide convincing statistical evidence that the program is not 
working as intended.  

 
(ii)  No. The confidence interval includes values from 0.09 to 0.21, so any value in that interval is a 

plausible value for the probability that the computer is using to generate discounts. 
 

Part (b): 
 
The formula for computing the margin of error for a proportion includes the square root of the sample 
size in the denominator. For a random sample that is four times the size of the original sample, the 
margin of error can be determined by dividing the margin of error of the original sample by two. 
Therefore, the new margin of error is 0.03. 
 

Part (c): 
 
Using the margin of error of 0.03 obtained from the second sample, the confidence interval for p is 
0.15 0.03±  or ( )0.12, 0.18 .  The interval does not include 0.20, and therefore, there is convincing 
evidence that the computer program is not working as intended and is not generating discounts with a 
probability of 0.20. 
 

Scoring 
 
This question is scored in four sections. Section 1 consists of part (a-i); section 2 consists of part (a-ii); 
section 3 consists of part (b); and section 4 consists of part (c). Sections 1, 2, 3, and 4 are scored as 
essentially correct (E), partially correct (P), or incorrect (I). 
 
Section 1 is scored as follows: 
 

Essentially correct (E) if the response states that because the interval contains 0.20, it does not provide 
convincing statistical evidence that the computer program is not working as intended. 
 
Partially correct (P) if the response indicates that it is necessary to check whether the value of 0.20 is in 
the computed interval, but there are errors in implementation. Examples of errors include: 

• The response notes that 0.20 is within the interval but does not draw a conclusion. 
• The response has an arithmetic error in the computation of the endpoints of the interval but 

provides a correct conclusion with justification that is consistent with the computed interval. 
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Question 2 (continued) 
 

Incorrect (I) if the response does not recognize how to use the confidence interval to check whether the 
computer is working correctly; 
 OR 
if the response states that the interval shows that the proportion is equal to 0.20; 
 OR 
if the response notes that 0.20 is within the interval and concludes that the program is not working as 
intended; 
 OR 
if the response otherwise does not meet the criteria for E or P. 

 
Section 2 is scored as follows: 

 
Essentially correct (E) if the response concludes that there is not convincing statistical evidence that 
the computer program generates the discount with a probability of 0.20 AND justifies the conclusion 
by noting that there are values other than 0.20 in the interval. 
 
Partially correct (P) if the response correctly concludes that there is not convincing evidence that the 
computer program generates the discount with a probability of 0.20, but provides incomplete 
reasoning to justify the conclusion. 
 
Examples of incomplete reasoning include: 

• stating that 0.20 is a plausible value for the proportion of discounts without giving further 
explanation; 

• indicating that having 0.20 in the interval does not prove that 0.20 is the true proportion; and 
• providing a generic statistical argument, such as reference to the fact that the null hypothesis 

should never be accepted, or stating that not rejecting the null hypothesis is not proof that 0.20 
is the true proportion of bills discounted. 

 
Note: If an incorrect interval is computed in part (a-i) that does not contain 0.20, and in part (a-ii) the 
response concludes that the program is not generating discounts with a probability of 0.20 because 
0.20 is not in the interval, section 2 is scored as P. 
 
Incorrect (I) if the response states that there is evidence that the computer program generates the 
discount with a probability of 0.20; 
 OR 
if the response correctly concludes that there is not convincing evidence that the computer program 
generates the discount with a probability of 0.20 AND provides incorrect or no justification; 
 OR 
if the response otherwise does not meet the criteria for E or P. 

 
Section 3 is scored as follows: 
 

Essentially correct (E) if the response gives the correct value of 0.03 as the new margin of error by 
using the correct formula or by providing a correct explanation that recognizes that quadrupling the 
sample size divides the margin of error from the original sample by two. 
 
Note: If the response relies on the margin of error formula and calculates a value that would round to 
0.030, the response is scored as E. 
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Question 2 (continued) 
 

Partially correct (P) if the response uses the correct margin of error formula or provides a correct 
explanation that recognizes that quadrupling the sample size divides the margin of error from the 
original sample by two, but calculates an incorrect margin of error that is less than 0.06; 
 OR 
if the response does not calculate a margin of error but provides a correct explanation that recognizes 
that quadrupling the sample size divides the margin of error from the original sample by two;  

OR 
if the response gives the correct margin of error without correct justification. 
  
Incorrect (I) if the response does not recognize in any way that the new margin of error depends on the 
square root of the sample size; 
 OR 
if the response calculates a margin of error that is greater than or equal to 0.06;  
 OR 
if the response otherwise does not meet the criteria for E or P. 

 
Section 4 is scored as follows: 
 

Essentially correct (E) if the conclusion states that there is convincing evidence that the computer 
program is not working as intended because, based on the new margin of error, the interval does not 
contain 0.20; 

OR 
if the conclusion states the intended value of 0.20 is greater than the upper boundary of 0.18;  
 OR 
if the conclusion states the margin of error is smaller than the difference between the sample 
proportion and the intended long-run proportion of 0.20. 
 
Notes:  

• If the margin of error was computed incorrectly in part (b), but a correct answer to part (c) is 
consistent with this incorrect margin of error, section 4 is scored as E.   

• If no specific margin of error or confidence interval was given in parts (b) or (c), but the 
response provides a complete and correct conclusion with reference to a smaller margin of error 
(or narrower confidence interval), section 4 is scored as E. 

 
Partially correct (P) if an interval is incorrectly constructed using the margin of error from part (b), but a 
correct conclusion is given and justified for the computed interval; 
 OR 
if an interval is computed correctly using the margin of error from part (b) and an argument is made 
based on whether or not 0.20 is in the interval, but the conclusion is incorrect; 
 OR 
if no specific margin of error or confidence interval has been given in parts (b) or (c), but the response 
concludes that because the margin of error has decreased (or the confidence interval is narrower), 0.20 
is not in the interval. 
 
Incorrect (I) if an interval is computed correctly using the margin of error from part (b) and a correct 
conclusion is given, but no argument is made based on whether or not 0.20 is in the interval; 
 OR 
if the response otherwise does not meet the criteria for E or P. 
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Question 2 (continued) 
 

Notes:  
• If a response includes a confidence level, the level can be ignored because no confidence level 

was provided. 
• If the response bases a conclusion on the relative location of 0.20 within the interval  

(for example, 0.20 is near the edge of the interval), the response is scored as I. 
• A response that provides additional incorrect explanation lowers the score in section 4 by one 

level (that is, from E to P, or from P to I).  
 

Each essentially correct (E) section counts as 1 point. Each partially correct (P) section counts as ½ point. 
 

4 Complete Response 
  
3 Substantial Response  

  
 2 Developing Response 
 
 1 Minimal Response 
    
If a response is between two scores (for example, 2½ points), use a holistic approach to decide whether to 
score up or down, depending on the overall strength of the response and communication. 
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Question 4 
 
Intent of Question  
 
The primary goal of this question was to assess a student’s ability to identify, set up, perform, and interpret 
the results of an appropriate hypothesis test to address a particular question. More specific goals were to 
assess a student’s ability to (1) state appropriate hypotheses; (2) identify the appropriate statistical test 
procedure and check appropriate conditions for inference; (3) calculate the appropriate test statistic and  
p-value; and (4) draw an appropriate conclusion, with justification, in the context of the study. 
 
Solution 
 
Step 1: States a correct pair of hypotheses. 
 

Let aspp  represent the population proportion of adults similar to those in the study who would have 

developed colon cancer within the six years of the study if they had taken a low-dose aspirin each day. 
Similarly, let placp  represent the population proportion of adults similar to those in the study who 

would have developed colon cancer within the six years of the study if they had taken a placebo each 
day. 
 
The hypotheses to be tested are 0 asp placH : p p=  versus a asp placH : p p<  or equivalently, 

0 asp placH : 0p p− =  versus a asp placH : 0.p p− <  

 
Step 2: Identifies a correct test procedure (by name or by formula) and checks appropriate conditions. 
 

The appropriate procedure is a two-sample z-test for comparing proportions. 
 
Because this is a randomized experiment, the first condition is that the volunteers were randomly 
assigned to one treatment group or the other. The condition is satisfied because we are told that the 
volunteers were randomly assigned to take a low-dose aspirin or a placebo.   
 
The second condition is that the sample sizes are large, relative to the proportions involved. The 
condition is satisfied because all sample counts are large enough; that is, 15 with colon cancer in 
aspirin group, 26 with colon cancer in placebo group, 500 15 485− =  cancer-free in aspirin group, and
500 26 474− =  cancer-free in placebo group.  

 
Step 3: Calculates the appropriate test statistic and p-value. 
 

The sample proportions who developed colon cancer are asp
15ˆ 0.030
500

p = =  and plac
26ˆ 0.052.

500
p = =  

The combined sample proportion who developed colon cancer is combined
15 26ˆ 0.041.

500 500
p += =

+
 

 

The test statistic is 

( )
0.030 0.052 1.75

1 10.041(1 0.041)
500 500

z −= ≈ −
− +

 ( 1.7542− from calculator).  

The p-value is ( 1.75) 0.0401P Z ≤ − =  (0.0397 from calculator), where Z has a standard normal 
distribution. 
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Question 4 (continued) 
 
Step 4: States a correct conclusion in the context of the study, using the result of the statistical test. 
 

Because the p-value is less than the given significance level of 0.05,α =  we reject the null hypothesis. 
The data provide convincing statistical evidence that the proportion of all adults similar to the 
volunteers who would develop colon cancer if they had taken a low-dose aspirin every day is less than 
the proportion of all adults similar to the volunteers who would develop colon cancer if they had not 
taken a low-dose aspirin every day. 

 
Scoring 
 
Steps 1, 2, 3, and 4 are scored as essentially correct (E), partially correct (P), or incorrect (I). 
 
Step 1 is scored as follows: 
 

Essentially correct (E) if the response identifies correct parameters AND both hypotheses are labeled 
and state the correct relationship between the parameters. 
 
Partially correct (P) if the response identifies correct parameters OR states correct relationships, but not 
both. 
 
Incorrect (I) if the response does not meet the criteria for E or P. 
 
Note: Either defining the parameters in context, or simply using common parameter notation with 
subscripts clearly relevant to the context, such as aspp  and plac,p  is sufficient. 

 
Step 2 is scored as follows: 
 

Essentially correct (E) if the response correctly includes the following three components: 
1. Identifies the correct test procedure (by name or by formula). 
2. Notes that the use of random assignment satisfies the randomness condition. 
3. Checks for approximate normality of the test statistic by citing that all four counts are larger 

than some standard criterion such as 5 or 10. 
 
Partially correct (P) if the response correctly includes only two of the three components. 
 
Incorrect (I) if the response correctly includes at most one of the three components. 
 
Notes:  

• For the randomness component, it is (minimally) acceptable to say “random assignment — 
check” but not acceptable to say “random — check” or “SRS — check.” The important concept 
here is that it is random assignment, and not random sampling, that is required. If the response 
implies that the study used a random sample, the randomness component is not satisfied, 
regardless of whether random assignment is correctly addressed. 

• The normality check may use the expected counts under the null hypothesis in place of 
observed counts. 
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Question 4 (continued) 
 
Step 3 is scored as follows: 
 

Essentially correct (E) if the response correctly calculates both the test statistic and a p-value that is 
consistent with the stated alternative hypothesis. 
 
Partially correct (P) if the response correctly calculates the test statistic but not the p-value; 
 OR 
if the response calculates the test statistic incorrectly but then calculates the correct p-value for the 
computed test statistic; 
 OR 
if the response reports the correct p-value but no calculations or test statistic are shown. 
 
Incorrect (I) if the response fails to meet the criteria for E or P. 
 
Note: The p-value is considered correct if it is consistent with the alternative stated in the response 
and the calculated test statistic, even if those are incorrect.  

 
Step 4 is scored as follows: 

 
Essentially correct (E) if the response provides a correct conclusion in context, with justification based 
on linkage between the p-value and the given 0.05.α =  
 
Partially correct (P) if the response provides a correct conclusion, with linkage to the p-value, but not in 
context; 
 OR 
if the response provides a correct conclusion in context, but without justification based on linkage to 
the p-value. 
 
Incorrect (I) if the response does not meet the criteria for E or P. 
 
Notes:  

• The conclusion must be related to the alternative hypothesis. 
• If the p-value is incorrect, then step 4 is scored as E if the response includes proper linkage and 

a conclusion in context consistent with that p-value. 
• If the p-value is less than 0.05, wording that states or implies that the alternative hypothesis is 

proven lowers the score one level (that is, from E to P or P to I) in step 4. 
• If the p-value is incorrect and greater than 0.05, wording that states or implies that the null 

hypothesis is accepted lowers the score one level (that is, from E to P or P to I) in step 4.  
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Question 4 (continued) 
 
Each essentially correct (E) step counts as 1 point. Each partially correct (P) step counts as ½ point. 
 

4 Complete Response 
  
3 Substantial Response  

  
 2 Developing Response 
 
 1 Minimal Response 
    
If a response is between two scores (for example, 2½ points), use a holistic approach to decide whether to 
score up or down, depending on the overall strength of the response and communication. 
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Question 6 
 
Intent of Question  
 
The primary goals of this question were to assess a student’s ability to (1) describe how sample data would 
differ using two different sampling methods; (2) describe the sampling distribution of the sample mean for 
two different sampling methods; and (3) choose the sampling method that will result in the best estimate 
of the population mean. 
 
Solution 
 
Part (a): 

 
No, a sample obtained using Method 2 will not be representative of all tortillas made that day. The 
sample obtained using Method 2 will only represent the tortillas from one production line, not from the 
entire population because the distributions of diameters for the two production lines are different. 
 

Part (b): 
 

Method 1 was most likely used to select this sample. The bimodal shape in the histogram of sample 
data indicates that tortillas were selected from both production lines, which is what would happen 
using Method 1. Method 2 would be likely to produce a unimodal distribution of diameters centered at 
either 5.9 inches or 6.1 inches. 

 
Part (c): 

 
Method 2 would result in less variability in the sample of 200 tortillas on a given day because the 
sample comes from only one production line. Because the distributions of diameters are not the same 
for the two production lines, selecting tortillas from both lines as in Method 1 would result in more 
variable sample data. 

 
Part (d): 
 

The sampling distribution of the sample mean diameter for samples obtained using Method 1 would be 

approximately normal with mean 6 inches and standard deviation 0.11 0.0078
200

≈ inch. 

 
Part (e): 
 

Method 1 would result in less variability in the sample means over the 365 days, because with Method 
2, roughly half of the sample means will be around 5.9 inches and the other half will be around 6.1 
inches. With Method 1, however, the sample means will all be very close to 6 inches, as indicated by 
the standard deviation in part (d). 

 
Part (f): 
 

Method 1 is more likely to produce a sample mean close to 6 inches. Because the sample mean is an 
unbiased estimator for both methods, the manager should pick the method that would result in less 
variability in the distribution of the sample mean. Based on the answer to part (e), Method 1 results in 
less variability in the distribution of the sample mean.   
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Question 6 (continued) 
 
Scoring 
 
This question is scored in three sections. Section 1 consists of parts (a), (b), and (c), section 2  
consists of part (d), and section 3 consists of parts (e) and (f). Sections 1, 2, and 3 are scored as  
essentially correct (E), partially correct (P), or incorrect (I). 
 
Section 1 is scored as follows: 
 

Essentially correct (E) if the response includes the following three components: 
1. In part (a) the response says no AND either argues that the sample will only be selected from 

one production line and not the entire population (that is, the sample will only represent one 
production line) OR argues that the tortillas from the two productions lines are different. 

2. In part (b) the response chooses Method 1 AND refers to a relevant characteristic of the 
histogram (shape, center, or variability) that matches what would be expected when using 
Method 1 (or that does not match what would be expected when using Method 2). 

3. In part (c) the response chooses Method 2 AND either justifies by stating that the sample 
comes from only one production line (does not come from both production lines) OR justifies by 
comparing the possible range of diameters for the two methods.  

 
Partially correct (P) if the response includes only two of the three components. 
 
Incorrect (I) if the response includes at most one of the three components.  
 
Note: If a response includes more than one justification in an individual part, score the weaker of the 
two justifications. For example, a response for part (a) that says “No, because only one line was 
selected and because the sample size was too small” does not satisfy the first component because the 
sample size argument is incorrect. 
 

Section 2 is scored as follows: 
 

Essentially correct (E) if the response includes the following three components: 
1. The shape is approximately normal. 
2. The mean is 6 inches. 

3. The standard deviation is 0.11
200

inch. 

 
Partially correct (P) if the response includes only two of the three components. 
 
Incorrect (I) if the response includes at most one of the three components.  
 
Note: It is not necessary to include units (inches) for the mean or standard deviation. 

 
Section 3 is scored as follows: 
 

Essentially correct (E) if the response includes the following two components: 
1. In part (e) the response chooses Method 1 AND describes the sampling distribution of the 

sample mean for Method 2 as having some sample means close to the mean of production  
line A (5.9 inches) and the other sample means close to the mean of production line B  
(6.1 inches). 
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Question 6 (continued) 
 

2. In part (f) the response chooses Method 1 AND  
 refers to a correct answer in part (e); 

OR 
 describes the sampling distribution of the sample mean for Method 2 as having some 

sample means close to the mean of production line A (5.9, less than 6) and the other 
sample means close to the mean of production line B (6.1, greater than 6); 

OR 
 argues that on a single day, it would be preferable to get a sample with a mean around 

6 rather than getting a sample that would have a mean around 5.9 (less than 6) or a 
mean around 6.1 (greater than 6). 

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

• In part (e), the response must be clear that there is more than one mean being described  
(365 sample means). 

o Correct: The sample means will be around 5.9 or 6.1.   
o Not correct: The sample mean will be around 5.9 or 6.1.   

 
• Parts (e) and (f) are not satisfied if the response does not imply the sample means vary from the 

population means in both methods (or does not imply that the sample mean varies from the 
population mean when making the single day argument in part (f)). However, if the mistake is 
made in part (e), do not penalize the response in part (f) for the same mistake.  

o Correct: The sample means will be around 5.9 or 6.1 instead of close to 6.   
o Not correct: The sample means will be 5.9 or 6.1 instead of close to 6.     
o Not correct: The sample means will be 6 instead of around 5.9 or 6.1.    

 
4 Complete Response 

 
All three sections essentially correct 

 
3 Substantial Response  

  
Two sections essentially correct and one section partially correct 

  
2 Developing Response 

  
Two sections essentially correct and one section incorrect 

OR  
One section essentially correct and either one or two sections partially correct 

OR  
All three sections partially correct 

 
1 Minimal Response 

 
One section essentially correct and two sections incorrect 

  OR  
Two sections partially correct and one section incorrect 
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