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Question 6 
 
Intent of Question  
 
The primary goals of this investigative task were to assess a student’s ability to (1) define a parameter and 
state a correct pair of hypotheses; (2) explain how a particular statistic measures skewness; (3) use the 
observed value of the statistic and a simulated sampling distribution to make a conclusion about the shape 
of the population; and (4) create a new statistic and explain how it measures skewness. 
 
Solution 
 
Part (a): 
 

The parameter of interest is m =  population mean miles per gallon (mpg) of a particular car model. 
 
The null and alternative hypotheses are as follows: 
 
H0: 27m =  
Ha: 27m <  

 
Part (b): 

 
If the distribution is right-skewed, one would expect the mean to be greater than the median. 

Therefore the ratio 
sample mean

sample median
 should be large (greater than 1).  

 
Part (c): 
 

Because we are testing for right-skewness, the estimated p-value will be the proportion of the 
simulated statistics that are greater than or equal to the observed value of 1.03. The dotplot shows that 
14 of the 100 values are more than 1.03. Because this simulated p-value (0.14) is larger than any 
reasonable significance level, we do not have convincing evidence that the original population is 
skewed to the right and conclude that it is plausible that the original sample came from a normal 
population.  

 
Part (d): 
 

One possible statistic is 
maximum - median
median - minimum

  

 
If the distribution is right-skewed, one would expect the distance from the median to the maximum to 
be larger than the distance from the median to the minimum; thus the ratio should be greater than 1. 
 

Scoring 
 
Parts (a), (b), (c), and (d) are scored as essentially correct (E), partially correct (P), or incorrect (I).  
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Question 6 (continued) 
 
Part (a) is scored as follows: 
 

Essentially correct (E) if the student correctly states the hypotheses with a lower-tailed alternative 
hypothesis AND correctly defines the parameter of interest by referring to the mean of the population 
in context (e.g., population mean mpg, true mean fuel efficiency, mean mpg of all cars of this model, 
mean mpg of this car model).  
 
Partially correct (P) if only one component is correct (hypotheses or definition of parameter). 
 
Incorrect (I) otherwise. 
 
Notes:  
• If a student attempts to define the parameter more than once (e.g., saying “the parameter is . . .” 

and then later saying m =  . . .”), then these are treated as parallel solutions, and the worst attempt 
is scored. 

• A symbol other than m  in the hypotheses must be explicitly and correctly defined to get credit for 
the parameter component. 

• If words are used in the hypotheses to describe the parameter, 
o the words do not count as the definition of the parameter, and 
o the words must be consistent with the definition of the parameter,  

or no credit is given for the parameter component. 
 
Part (b) is scored as follows: 
 

Essentially correct (E) if the student states that large values (or values greater than 1) of the statistic 
indicate right-skewness AND justifies the answer with a correct statement of how right-skewness 
affects the relationship between the mean and median.  
 
Partially correct (P) if the student: 

• states that large values of the statistic indicate right-skewness BUT only argues that in a 
normal (or symmetric) distribution the ratio should be close to 1 (i.e., does not discuss the right-
skewness) 

OR 
• makes a correct statement of how right-skewness affects the relationship between the mean 

and median BUT does not state that large values of the statistic indicate right-skewness 
OR 

• has reversed the relationship between mean and median in right-skewed distributions or 
reversed left- and right-skewness AND states that small values of the statistic indicate right-
skewness. 

 
Incorrect (I) if the student says large values indicate right-skewness but gives no explanation or an 
incorrect explanation.  

 
Part (c) is scored as follows: 
 

Essentially correct (E) if the student states that it is plausible that the sample came from a normal 
population AND justifies the choice with specific numerical evidence from the dotplot describing the 
relative location of the value 1.03 (e.g., 14 percent of the values are above 1.03). 
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Question 6 (continued) 
 

Partially correct (P) if the student: 
• states that it is plausible that the sample came from a normal population AND justifies the 

choice by describing the relative location of the value 1.03 in the dotplot without specific 
numerical evidence (e.g., 1.03 is toward the middle of the distribution, 1.03 is within two 
standard deviations of the mean) 

OR 
• states that the sample came from a population that is skewed to the right AND justifies the 

choice by describing the relative location of the value 1.03 in the dotplot (e.g., only 14 percent 
of the values are above 1.03, 1.03 is in the tail of the distribution).  

 
Incorrect (I) if the student does not refer to the relative location of 1.03 in the dotplot. 
 
Note:  
Common incorrect responses include the following: 
• Simply describing the shape of the dotplot to justify normality. 
• Saying that the dots are centered around 1, so the sample came from a normal population. 
• Arguing that 1.03 is close to 1 (without describing its relative position in the dotplot). 
• Stating that the sample size (or number of samples) is large, so the distribution is normal, or that 

the sample size is too small to make a conclusion. 
• Stating an answer with no explanation.  

 
Part (d) is scored as follows: 
 

Essentially correct (E) if the student defines a reasonable statistic AND identifies the values that 
indicate right-skewness with a correct explanation of how the right-skewness affects the components 
of the statistic. 

 
Partially correct (P) if the student: 

• defines a reasonable statistic but fails to adequately justify the values that indicate right-
skewness 

OR 
• does not define a reasonable statistic but uses values from the table (min, Q1, med, Q3, max) to 

describe a reasonable method for identifying right-skewness (e.g., if the distance from the 
median to maximum is greater than the distance from the minimum to the median, the 
distribution is skewed to the right).  

 
Incorrect (I) if the method does not include a comparison (e.g., simply checking for outliers on one side 
only). 
 
Notes:  
• The statistic must be a formula that produces a single numerical value. For example, (maximum - 

median) > (median - minimum) is not a statistic. 
• Any statistic that uses summary values not in the table (such as the mean) is incorrect. 
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Question 6 (continued) 
 

Some other acceptable variations of the statistic 
maximum - median
median - minimim

 include the reciprocal (values  

< 1 indicate right-skewness), reversing the order of subtraction in the numerator or denominator 
(values < -1 indicate right-skewness), and the difference of the numerator and denominator (values > 0 
indicate right-skewness). 
 
Some other acceptable statistics are listed below. For each statistic, values > 1 indicate right-
skewness. Other variations, including reciprocals and statistics based on differences are also 
acceptable. 

 

1. 
maximum - Q3
Q1 - minimum

   3. 

Q1 + Q3
2

median

Ê ˆ
Á ˜Ë ¯

 

 

2. 
Q3 - median
median - Q1

   4. 

minimum + maximum
2

median

Ê ˆ
Á ˜Ë ¯

 

 
Each essentially correct (E) response counts as 1 point, and each partially correct (P) response 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 determine whether 
to score up or down, depending on the strength of the response and communication. 
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Question 6 
 
Overview 
 
The primary goals of this investigative task were to assess a student’s ability to (1) define a parameter and 
state a correct pair of hypotheses; (2) explain how a particular statistic measures skewness; (3) use the 
observed value of the statistic and a simulated sampling distribution to make a conclusion about the shape 
of the population; and (4) create a new statistic and explain how it measures skewness. 
 
Sample: 6A 
Score: 4 
 
In part (a) the student correctly defines the parameter of interest, including the concepts of mean and 
population in context, and correctly states the null and alternative hypotheses using standard notation.  
Part (a) was scored as essentially correct. In part (b) the student correctly states that large values of the 
statistic indicate that the distribution is skewed to the right and gives a justification that describes the 
relationship between the mean and median when the distribution is skewed right. Part (b) was scored as 
essentially correct. In part (c) the student correctly states that there is not convincing evidence that the 
original sample came from a skewed population and gives specific numerical evidence from the dotplot  
(“14 points out of 100”). Although not necessary, the student goes on to correctly explain when there would 
be convincing evidence that the distribution was skewed right. Part (c) was scored as essentially correct. In 
part (d) the student provides a reasonable statistic to measure skewness. The student then correctly 
identifies the values of the statistic that indicate right-skewness and justifies the response by discussing how 
the components of the statistic are affected by right-skewness. Part (d) was scored as essentially correct. The 
entire answer, based on all four parts, was judged a complete response and earned a score of  
4 points. 
 
Sample: 6B 
Score: 3 
 
In part (a) the student correctly defines the parameter of interest, including the concepts of mean and 
population in context, and correctly states the null and alternative hypotheses using standard notation.  
Part (a) was scored as essentially correct. In part (b) the student correctly states that large values of the 
statistic indicate that the distribution is skewed to the right and gives a justification that describes the 
relationship between the mean and median when the distribution is skewed right. Part (b) was scored as 
essentially correct. In part (c) the student correctly says, “It is plausible that the original sample came from a 
normal population.” However, the justification provided is not based on the relative location of the value 1.03 
in the dotplot. Instead, the student simply describes the shape and center of the dotplot and concludes that it 
is equally likely to get skewness to the left or to the right when sampling from a normal population. This is a 
true statement, but it does not address the question about the shape of the original population. Part (c) was 
scored as incorrect. In part (d) the student provides a reasonable statistic to measure skewness. The student 
then correctly identifies the values of the statistic that indicate right-skewness and justifies the response by 
discussing how the components of the statistic are affected by right-skewness. Part (d) was scored as 
essentially correct. With three parts essentially correct and one part incorrect, the entire answer was judged a 
substantial response and earned a score of 3 points. 
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Question 6 (continued) 
 
Sample: 6C 
Score: 2 
 
In part (a) the student correctly defines the parameter of interest but incorrectly uses a two-sided alternative 
hypothesis. Part (a) was scored as partially correct. In part (b) the student correctly states the relationship 
between the mean and median when the distribution is skewed to the right and then concludes that large 
values of the statistic indicate that the distribution is skewed to the right. Part (b) was scored as essentially 
correct. In part (c) the student does not use the relative location of 1.03 to make a decision about the shape of 
the original population. The student simply states that this distribution is centered at 1, which is expected 
when sampling from a normal distribution. Although this is a true statement, it does not give any information 
about the shape of the original population. Part (c) was scored as incorrect. In part (d), the student does not 
provide a formula for a single statistic that measures skewness. Instead, the student provides an inequality. 
However, the student then correctly explains how the inequality could be used to evaluate (right) skewness. 
Part (d) was scored as partially correct. With one part essentially correct, two parts partially correct, and one 
part incorrect, the entire answer was judged a developing response and earned a score of 2 points. 


