
March Regional  Statistics Individual Answers and Solutions 

	 1	

 
Answers:  
1.  D  6.  D  11.  E  16.  C  21.  C  26.  A 
2.  A  7.  D  12.  B  17.  B  22.  A  27.  D 
3.  B  8.  C  13.  D  18.  B  23.  D  28.  D 
4.  D  9.  A  14.  C  19.  E  24.  C  29.  C 
5.  E  10.  B  15.  A  20.  D  25.  D  30.  B 
 
Solutions: 
1.  D – Entering the test score data into L1 in the calculator and running the 1-Variable Statistics program on the list will 
give us the following results for the sample mean, the sample median, and the sample standard deviation: 𝑋" = 86, 𝑄( =
86,	and 𝑠+ = 9.2638 when rounded to four decimal places.  Their sum is 86 + 86 + 9.2638 = 181.2638. 
 
2.  A – Although carefully entering the two sets of z-scores into a pair of lists in the calculator and running the 2-Variable 
Statistics program on the pair of lists will certainly lead to the correct answer, it is not absolutely necessary.  The mean of 
the “Z-Score Observed” column is 0 and the sample standard deviation is 1 regardless because whenever a set of data is 
converted to a set of z-scores using the sample mean and the sample standard deviation of the data set, we always get a 
mean of 0 and a sample standard deviation of 1.  This is confirmed by the calculator output at least up to a minor rounding 
difference in the sample standard deviation.  Now, for the z-scores in the “Z-Score Expected” column, a close inspection 
of the z-scores reveals that the bottom six z-scores are just the symmetric negatives of the top six z-scores; so their sum is 
0, which makes their mean 0.  However, it turns out that the sample standard deviation of this set of z-scores is not equal 
to 1, which is indeed confirmed by the calculator output: 𝑠+ ≈ 0.99041.  Either way, the two sample standard deviations 
are not equal to each other.  All this makes Statement I true and Statement II false. 
 
3.  B – First, we need find the IQR of the theoretical normal distribution N(80, 8) modeling the population of all possible 
test scores:  𝑄4 = 𝑖𝑛𝑣𝑁𝑜𝑟𝑚(0.25, 80, 8) ≈ 74.6 and 𝑄@ = 𝑖𝑛𝑣𝑁𝑜𝑟𝑚(0.75, 80, 8) ≈ 85.4 so IQR = 85.4 – 74.6 = 10.8.  
Now, we need the lower fence of this normal model:  Q1 – 1.5(10.8) = 74.6 – 16.2 = 58.4.  The absolute difference 
between this value and the lowest score in the table is 68 – 58.4 = 9.6. 
 
4.  D – This time, it is absolutely necessary to carefully enter the two sets of z-scores into a pair of lists in the calculator 
and run one of the Linear Regression programs to yield a coefficient of determination between the two sets of z-scores of 
𝑟( = 0.9757 when rounded; however, it is worthy to note that rounding all of the z-scores in each list to four decimal 
places (for the sake of efficiency) prior to running the program will produce the same correct final result when rounded to 
four decimal places as well. 
 
5.  E – A careful inspection of the three histograms reveals that they are indeed all constructed from the same set of 12 test 
scores in the table.  The only difference between the three histograms is the bin size or class size:  8 for Graph A, 5 for 
Graph B, and 10 for Graph C.  Graph D is a standardized normal quantile plot (or Q-Q plot) since it is just a scatterplot of 
the “expected” z-scores versus the “observed” z-scores under the assumption that the set of 12 observed test scores were 
drawn form a theoretical population distribution of all possible test scores that is normally distributed.  This answers #6. 
 
6.  D – Please see the answer to question #5 above. 
 
7.  D – Since Graph D, the standardized normal quantile plot of the test scores, shows a strong linear pattern that is evenly 
scattered along the y = x line, it is indeed reasonable to conclude that the set of 12 test scores was indeed drawn from a 
theoretical population of all possible test scores that is normally distributed. 
 
8.  C – The previous questions establish that the normality condition for the one-sample t-test is met; additionally, the 
randomization condition and the independence assumption are met as stated in the question body.  Also, this is a one-
sample t-test and not a one-sample z-test since it is explicitly stated that the one should not assume that the population 
standard deviation is known.  The hypotheses are 𝐻B:	𝜇 = 80	𝑣𝑠. 𝐻E:	𝜇 > 80.  Running the One-Sample T-Test program 
either on the list of test scores or with the appropriate summary statistics entered of 𝜇B = 80, 𝑋" = 86, 𝑠+ = 9.2638, and 
𝑛 = 12; we obtain a test statistic of 𝑡 = 2.2436 and a right-tail p-value of 𝑝 = 0.0232 with n – 1 = 11 degrees of freedom.  
The sum of these three values is 2.2436 + 0.0232 + 11 = 13.2668 when rounded correctly. 
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9.  A – The hypotheses of this test are: 𝐻B:	𝜎( = 8( = 64	𝑣𝑠. 𝐻E:	𝜎( > 8( = 64.  Applying the given formula for the test 
statistic we obtain: 𝜒44( = (4(K4)×(M.(N@O)P

OP
≈ 14.7500 when rounded to four decimal places.  If we use the 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 

program to obtain the unrounded sample variance of the set of test scores in a list we obtain 𝑠( = MUU
44

 which results in a 

nice clean test statistic of 𝜒44( =
(44)×VWWXX

NU
= 14.75 exactly.  Either way, the right-tail p-value of the test is given by 𝑝 =

𝜒(𝑐𝑑𝑓(14.75, 999999999, 11) ≈ 0.1942 when rounded to four decimal places. 
 
10.  B – The p-value of the hypothesis test from question #8 regarding the mean of the theoretical population distribution 
was 𝑝 = 0.0232 < 0.05 so the null hypothesis is rejected.  The p-value of the hypothesis test from question #9 regarding 
the standard deviation of the theoretical population distribution was 𝑝 = 0.1942 > 0.05 so the null hypothesis is not 
rejected. Therefore, the data provide statistically significant evidence that the theoretical population distribution has a 
mean that is greater than 80; but they fail to provide statistically significant evidence that the standard deviation of the 
distribution is greater than 8. 
 
11.  E – Running the 1-Variable Statistics program on the original list of 12 test scores produces the following summary 
statistics: 𝑋" = 86, 𝑄( = 86, 𝑠+ = 9.2638, 𝑎𝑛𝑑	𝐼𝑄𝑅 = 𝑄@ − 𝑄4 = 94 − 80 = 14.  Adding the two new test scores into the 
list along with the original 12 test scores and re-running the 1-Variable Statistics program produces the following 
summary statistics: 𝑋" = 84, 𝑄( = 84, 𝑠+ = 10.9825, 𝑎𝑛𝑑	𝐼𝑄𝑅 = 𝑄@ − 𝑄4 = 92 − 80 = 12.  Therefore, none of the four 
summary statistics remain unchanged. 
 
12.  B – The reason we divide by n – 1 in the formula for the sample variance is to make it an unbiased estimator of the 
population variance. Therefore, we make a similar adjustment for the sample size in the formula for the sample skewness 
coefficient in order to make it an unbiased estimator of the population skewness coefficient.  
 
13.  D – Hopefully, everyone still has the set of 12 z-scores saved in a list in their calculator.  Suppose they are in L2.  We 
now need to save their cubes in another list, such as 𝐿@ = 𝐿(@  and run the 1-Variable Statistics program on L3 to obtain the 
mean of the cubed z-scores which is 𝑋" = 4

4(
∑ (𝑍b)@4(
bc4 ≈ −0.2415.  Then, using the given formula for the adjusted 

sample standardized skewness coefficient, we get: 𝑔4 =
eP

(eK4)(eK()
f4
e
∑ g+hKi

"
jk
l
@

e
bc4 m = 4(P

44×4B
(−0.2415) = −0.316 when 

rounded to the thousandths place.   
 
14.  C – Using the given information and the formula provided in the question, we can construct the formula for a 

confidence interval for 𝜇n@ as follows: 𝑔4 − 𝑍∗p
Ne(eK4)

(eK()(eq4)(eq@)
< 𝜇n@ < 𝑔4 − 𝑍∗p

Ne(eK4)
(eK()(eq4)(eq@)

.  This leads us to the 

following: −0.316 − 1.96p N(4()(44)
(4B)(4@)(4r)

< 𝜇n@ < −0.316 + 1.96p N(4()(44)
(4B)(4@)(4r)

→ −1.565 < 𝜇n@ < 0.933 when rounded. 

 
15.  A – Fortunately, one can still correctly answer this question even if getting the previous question wrong or even 
skipping it so long as one notices that all four given confidence intervals in the answer choices from the previous question 
have a negative lower limit and a positive upper limit; thus, they all capture 0.  This leads us to fail to reject the null 
hypothesis of 𝐻B:	𝜇n@ = 0 and consequently fail to support the alternative hypothesis of 𝐻E:	𝜇n@ ≠ 0.  Therefore, we also 
fail to reject the assumption that this sample of 12 test scores was drawn from a normally distributed population. 
 
16.  C – This is ultimately just a normal distribution calculation with a mean of 𝜇vX = 𝐸(𝑔4) = 0 and a standard deviation 

of 𝜎vX = p Ne(eK4)
(eK()(eq4)(eq@)

= p N((B)(4M)
(4O)((4)((@)

= p @OB
4UUM

:  𝑛𝑜𝑟𝑚𝑎𝑙𝑐𝑑𝑓 y−1, 1, 0, p @OB
4UUM

z ≈ 0.949 when rounded.   

 
17.  B – Given that each question on Señor Nieve’s test is worth 4 “points” out of 100 possible and that each test score in 
the table is divisible by 4, the number of question on the test is 𝐾 = 4BB

U
= 25.  This is now a binomial setting with n = 25, 

p = 0.2, 𝜇 = 𝐸(𝑋) = 𝑛𝑝 = 25(0.2) = 5, 𝑎𝑛𝑑	𝜎 = |𝑛𝑝𝑞 = |25(0.2)(0.8) = 2.  We want the probability that the student 
guesses at least 𝜇 + 2𝜎 = 5 + 2(2) = 9 questions correctly: 1 − 𝑏𝑖𝑛𝑜𝑚𝑐𝑑𝑓(25, 0.2, 8) ≈ 0.0468 when rounded. 
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18.  B – Recall that all three histograms on page 2 of the test are indeed created from the same set of 12 original test 
scores from the table on page 1 of the test.  Also, note that if all three histograms keep the same scale and intervals for the 
bin / class sizes along the x-axis, then the original lowest test score of 68 is alone in the left-most bin /class of 65 ≤ x < 73 
in Graph A, in 65 ≤ x < 70 in Graph B, and in 65 ≤ x < 75 in Graph C.  Therefore, changing the 68 to a 72 would only 
move this lowest score out from its current bin / class in Graph B (since 72 is now greater that the upper limit of 70) and 
would place it in the next higher bin / class of 70 ≤ x < 75 in Graph B; thus, slightly changing its appearance.  By contrast, 
72 would remain in its current bin / class in both Graphs A and C which would not change the appearance of either graph. 
 
IMPORTANT:  The following information is essential for understanding the solutions to questions 19 and 20. 
This series of questions is an attempt to hopefully once and for all dispel the pervasive and pernicious misconception that 
merely knowing the value of the mean and the median of a data set is sufficient information to draw a definitive 
conclusion regarding the classification of the data set as being “skewed right” or “skewed left.”  As noted earlier in the 
solution to question #5, the three histograms on page 2 of the test are indeed all constructed from the exact same data set 
of 12 test scores in the table on page 1 of the test.  Additionally, we already established that the mean of the data set of 12 
test scores is exactly equal to the median of the data set, namely 86; however, the three histograms show distinctly 
different shapes solely based upon differing groupings of the data into different bin / class sizes.  Below are two direct 
quotes from the updated AP Statistics Course and Exam Description which was effective as of fall 2019 regarding the 
concept of skewness vis-à-vis the relative positions of the mean and the median in a data set (the underlined words are my 
emphasis) followed by two screenshots from the e-book of the 6th edition of The Practice of Statistics by Darren Starnes 
and Josh Tabor which one of the most widely used AP Statistics textbooks.  The screenshot on the left is from page 32 
and the screenshot on the right is from page 58. 
 

“A distribution is skewed to the right (positive skew) if the right tail is longer than the left. A distribution is 
skewed to the left (negative skew) if the left tail is longer than the right. A distribution is symmetric if the left half 
is the mirror image of the right half.”  p. 42 

	
“If a distribution is relatively symmetric, then the mean and median are relatively close to one another. If a 
distribution is skewed right, then the mean is usually to the right of the median. If the distribution is skewed left, 
then the mean is usually to the left of the median.”  p. 46 
 

 
 
Additionally, the 6th edition of The Practice of Statistics also makes the following warning on page 43: “The choice of 
intervals in a histogram can affect the appearance of a distribution.” 
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Note how many of the statements made in the sources on the previous page are extremely vague and unspecific.  In 
particular, from where and how do we measure the “length” of the “right tail” and the “length” of the “left tail” of a 
distribution?  Well, the dotplots in the description from 32 of The Practice of Statistics clearly indicate that we are to 
measure the length of the left and right tails from the “center” of the distribution (as measured by the peak or the mode of 
the graph of the distribution) out to the outermost value in the graph.  Additionally, note that the top dotplot is labeled as 
“roughly symmetric” because the right side of the peak is not an exact “mirror image” of the left side of the peak and so 
“the mean and median will be similar” according to the first bullet point from the “EFFECT OF SKEWNESS AND 
OUTLIERS ON MEASURES OF CENTER” box on page 58 of The Practice of Statistics (and hence, not necessarily 
exactly equal to each other); and that “the mean and median are relatively close to one another… if a distribution is 
relatively symmetric” according to page 46 of the AP Statistics Course and Exam Description. 
 
Furthermore, note the use of the word “usually” in the quote from page 46 of the AP Statistics Course and Exam 
Description and the use of the words “we expect” from the second bullet point on page 58 of The Practice of Statistics, 
which clearly indicates that just because the graph of a distribution “appears” skewed in one direction or the other 
(according to the criteria on page 32), it is not necessarily guaranteed that the mean is either less than the median or 
greater than the median depending of the direction of the apparent “skewness” that we see in the graph. 
 
All these points clearly indicate that if the graph of a distribution “appears symmetric” or “roughly symmetric,” then the 
best we can say is that the mean and median are approximately equal, but not necessarily exactly equal.  The converse of 
this statement is absolutely not necessarily true as proven by the fact that Graph A remains unchanged in appearance when 
changing the lowest test score from 68 to 72 even though this change in score raises the mean slightly to 86.3333 while 
the median remains constant at 86.  Likewise, if were to instead change the lowest score from 68 to 65, the mean would 
lower slightly to 85.75 while the median again remains constant at 86 and Graph A will again remain identical in 
appearance.  
 
The same change in the lowest score from 68 to 72 would only change the appearance of Graph B ever so slightly as 
noted in the solution to question #18 and it still appears “skewed right” according to the criteria on page 32 of The 
Practice of Statistics; and as noted above, the mean is indeed now slightly greater than the median at 86.3333 versus 86, 
respectively.  On the other hand, when the lowest score is changed from 68 to 65, Graph B remains identical in 
appearance and still “skewed right” according to the page 32 criteria even though the mean is now slightly less than the 
median at 85.75 versus 86, respectively. 
 
More formal and theoretical definitions of skewness based upon calculations such as the third standardized moment of a 
random variable or its corresponding unbiased point estimate when calculated from a data set (as in questions 12 and 13 
on the test) are also not definitive and many such parameters and statistics attempting to quantify “skewness” exist; all of 
which come with the warning not to draw any definitive conclusion about skewness or symmetry garnered merely from 
the sign of the resulting calculation.  Some sources even advise that we should not even bother discussing the concept of 
“skewness” precisely because it is so vague and poorly defined and difficult to quantify, especially for small data sets or 
multimodal distributions. To quote the Wikipedia Skewness page:  “For a unimodal distribution, negative skew commonly 
indicates that the tail is on the left side of the distribution, and positive skew indicates that the tail is on the right.  In cases 
where one tail is long but the other tail is fat, skewness does not obey a simple rule. For example, a zero value means that 
the tails on both sides of the mean balance out overall; this is the case for a symmetric distribution, but can also be true for 
an asymmetric distribution where one tail is long and thin, and the other is short but fat.”   We can see this in action when 
we add the two new data values of 60 and 84 to our original data set as described in question #11. These two new data 
values are located in just the right places with one on one side of the new median and one on the other side of the new 
median in such a way as to keep the mean and the median still equal to each other, but they are now 84 instead of 86. 
 
The main conclusion we must draw from all this is that merely knowing the relative positions of the mean and the median 
in a data set (or their exact values) is insufficient information to draw a definitive conclusion with respect to classifying 
the distribution of data as skewed right, skewed left, or symmetric.  It is also extremely important to understand that all of 
this holds true regardless of the size of the data set in question or the size of the sample space in the case of a random 
variable, although, it is most obviously true in the case of relatively small data sets, as we have here.  Therefore, every 
single past question on a Statistics MAO test that has asked students to draw the conclusion of classifying the distribution 
of a data set as “skewed left” or “skewed right” from only knowing that “the mean is less than the median” or that “the 
mean is greater than the median” is fundamentally flawed and should have been successfully disputed to E. 



March Regional  Statistics Individual Answers and Solutions 

	 5	

The reason so many misconceptions continue to persevere is because so many people make the mistake of believing that 
each of the following vague and unspecific statements are always true rather than “usually true” (precisely what that 
means is also vague and unspecific) and even worse, they assume that the converse of each statement is also always true: 

• If a distribution is skewed to the right, then the mean is greater than the median. 
• If a distribution is skewed to the left, then the mean is less than the median. 
• If a distribution is symmetric, then the mean and the median are equal. 

However, each of the previous statements is not true in an absolute sense in that they are only “usually” true and “in 
general” true but not always true – every valid source makes sure to point this out.  By contrast, each of their converses is 
absolutely false as can be seen via countless counterexamples, as we have shown here.  Therefore, the one and only one 
correct conclusion we can validly draw with respect to the skewness or symmetry of a distribution of data (or of a random 
variable) from only knowing the relative positions (or even the exact values) of the mean and the median of the 
distribution is that there is insufficient information to draw any such conclusion regarding skewness or symmetry.  It is 
also fallacious thinking to insist that each and every distribution of data (no matter how small) or of a random variable 
must fall nicely into one of three categories: skewed left, skewed right, or (roughly) symmetric.  Sometimes, the 
distribution is correctly categorized as none of the above!  Even on AP Statistics Exam free-response questions multiple 
“correct” classifications of a distribution, depending on the graph chosen or how the student justifies their choice, are 
often accepted since graders are more concerned with correct rational for the choice rather than the choice itself. 
Sadly, many will continue to carry on believing these falsehoods even after taking this test and reading these solutions.  
Worst of all, some may even erroneously accept a dispute on either one or both of questions 19 and/or 20 in spite of the 
many counterexamples provided throughout the test and these solutions and the infinitely many more such similar 
counterexamples that exist. 
 
19.  E – While the mean and median of the data set of 12 test scores are exactly equal at 86 and clearly Graph A is a 
perfectly symmetric histogram, choice A makes no reference to Graph A, and is therefore incorrect.  The histogram in 
Graph B and the histogram in Graph C are both classified as “skewed right” according to the criteria on page 32 of The 
Practice of Statistics since the “right tail” is longer than the “left tail” as measured relative to the “center” of the 
distribution displayed in the histogram according to where the “peak” is.  Contrary to all of the previous statements, the 
adjusted standardized skewness coefficient is clearly negative which indicates evidence of skewness to the left.  
Additionally, although Graph D is not referenced in either the question or the answer choices, recall that it is a 
standardized normal quantile plot of the test scores with a strong linear pattern along the line y = x which provides strong 
evidence that the sample of 12 test scores was drawn from a normally distributed population.  Thus, answer choices A, B, 
C, and D all clearly contradict each other in one way or another making them all false. 
 
20.  D – Please see the detailed explanations above beginning on page 3 as to why the three statements in choices A, B, 
and C are all false. 
 
21.  C – This is a straightforward one-sample t-interval interval since we are told to assume that the population standard 
deviation is unknown.  Hopefully everyone still has the original set of 12 test scores saved in a list and so they just need to 
add the two new scores of 60 and 84 to the list.  Running the T-Interval program on the list of 14 scores with 99% 
confidence gives us an interval of:  (75.158, 92.842).  Otherwise, one can either use the T-Interval program after running 
the 1-Variable Statistics program with a sample mean of 𝑋" = 84 and a sample standard deviation of 𝑠+ = 10.9825 and 99% 
confidence; or the formula 𝑋" ± 𝑡∗ jk

√e
 there 𝑡∗ = 3.0123 is the critical value for a 99% confidence interval from a 

Student’s t-distribution with 13 degrees of freedom to obtain the same result. 
 
22.  A – Since we are told that all inference assumptions and conditions are met and that neither population standard 
deviation is known, we use a heteroskedastic two-sample t-test of the hypotheses 𝐻B:	µ4 = µ(	𝑣𝑠.		𝐻E:	µ4 > µ( where µ1 
represents the past year and µ2 represents the previous year.  We must first obtain the sample mean and the sample 
standard deviation of the 14 students’ test scores from the past year by once again running the 1-Variable Statistics 
program on a list with the 14 test scores entered in and we have 𝑋" = 84 and 𝑠+ = 10.9825.  Now enter the two sets of 
summary statistics into the 2-Sample T-Test program with 𝑋"4 = 84, 𝑆+X = 10.9825, 𝑛4 = 14, 𝑋"( = 74.2, 𝑆+P = 18.6480, 
and	𝑛( = 20 with the right-tailed option selected to obtain 𝑡 = 1.9218, 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.0319, 𝑎𝑛𝑑	𝑑𝑓 = 31.2722.  Since 
the p-value of 0.0319 is less than 0.05, H0 is rejected and HA is supported; and hence, we have supported Señor Nieve’s 
curiosity.  The final answer is 1.9218 + 0.0319 + 31.2722 + 1 = 34.2259. 
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23.  D – In a psychometric sense, we can view each set of test scores as a SRS of scores from the theoretical population 
distributions of all possible test scores across all possible parallel-forms tests on the same chapter; however, much like a 
convenience sample, the observed scores only apply to those particular sets of students and only on that particular test as 
if the sets of students were the two “populations” and the samples of observed test scores came from the random variables 
modeling the distributions of all possible test scores on the particular tests in question.  Therefore, we can only generalize 
any analytical results to those two particular sets of students and only on that particular test during those particular years. 
 
24.  C – This is a standard-issue matched-pairs t-test situation.  Carefully enter the two data sets into a pair of lists and 
take their difference in a third list in the form of Chapter 11 Test Scores minus the Chapter 12 Test Scores.  The 
hypotheses are now 𝐻B:	𝜇� = 0	𝑣𝑠. 𝐻E:	𝜇� > 0.  Running the One-Sample T-Test program on the list of differences gives 
us a test statistic of t = 2.4219, a right-tail p-value of p = 0.0169, and the degrees of freedom are df = 12 – 1 = 11.  Since 
the p-value of 0.0169 is less than 0.05, we reject H0 and support HA and so the results are statistically significant.  Thus, 
the final answer 2.4219 + 0.0169 + 11 + 10 = 23.4388. 
 
25.  D – A linear regression hypothesis test of 𝐻B:	𝜌 = 0	𝑣𝑠. 𝐻E:	𝜌 > 0 is essentially equivalent to a test of the hypotheses 
𝐻B:	𝛽 = 0	𝑣𝑠. 𝐻E:	𝛽 > 0 since it is the correlation that determines whether or not the slope is statistically significant.  The 
test statistic and p-value are even identical.  This is noted when one looks closely at the input options and output results 
from the Linear Regression T-Test program in the calculator.  Therefore, we just need to select the correct values from the 
output tables provided to obtain our answer.  The test statistic is t = 5.6798, the p-value is 0.0002 / 2 = 0.0001 because we 
are performing a right-tailed test and software output tables always default to two-tailed p-values; and the degrees of 
freedom are df = 12 – 2 = 10.  Their sum is 5.6798 + 0.0001 + 10 = 15.6799. 
 
26.  A – Without loss of generality, the residual for “clownboy #1” is 60 – [-8.4935 + 1.0597(80)] = -16.2825 and the 
residual for “clownboy #2” is 84 – [-8.4935 + 1.0597(100)] = -13.4765.  Their sum is -16.2825 + (-13.4765) = -29.759 
which rounds to -30. 
 
27.  D – Statement I is precisely the correct interpretation of the coefficient of determination r2 = 0.7634 which is denoted 
by R Square in the output table.  Statement II is precisely the correct interpretation of the slope of the LSRL, which is 
1.0597 in the output table.  Statement III is precisely the correct interpretation of the standard error of the residuals, which 
is 4.7263 in the output table. 
 
28.  D – Questions 28 and 29 are a standard-issue chi-square test of homogeneity on a 2x3 contingency table.  Entering 
the 6 observed counts into a 2x3 matrix in the calculator and running the Chi-Square Test program gives us a test statistic 
of 𝜒( = 0.5505, a p-value of p = 0.7594, and degrees of freedom df = 2.  However, when we check the matrix of 
expected counts created by the calculator, we will notice that three of them are less than 5.  This violates what most books 
call “the large counts condition” for this chi-square test of homogeneity since either all expected counts must be greater 
than 5 or nor more than one of them (or some specified proportion) is less than 5 depending on the criterion used by one 
textbook or another.  Regardless of the specific criterion used, some of the expected counts are too small for a chi-square 
test of homogeneity to work well; but what the heck, lets do it anyway!   
 
29.  C – As noted in the solution to question #28 above, the test statistic is 𝜒( = 0.5505, the p-value is p = 0.7594, and 
degrees of freedom are df = 2.  Since the p-value of 0.7594 is not less than the 0.05 significance level given in the main 
introduction to questions 28 and 29, we do not reject the hull hypothesis of homogeneity and so we do not support the 
alternative hypothesis of heterogeneity.  This gives us a final answer of 0.5505 + 0.7594 + 2 + 2 = 5.3099. 
 
30.  B – Thankfully, this question is not as bad as it may first seem thanks to the Central Limit Theorem!  Since we have a 
sufficiently large SRS from each of two independent random variables as they have been defined in the question, which 
we shall call X and Y for convenience, the sampling distribution of the sample mean for samples of size n = 100 from 
each random variable is approximately normally distributed with 𝜇+̅ = 𝐸(𝑋") = 84, 𝜎+̅( = 𝑉𝑎𝑟(𝑋") = 44(

4BB
= 1.12, 𝜇�" =

𝐸(𝑌") = 74.2, 𝑎𝑛𝑑	𝜎�"( = 𝑉𝑎𝑟(𝑌") = @@B.@N
4BB

= 3.3036.  To obtain the requested probability we must form a new random 
variable 𝑋"–𝑌" such that 𝜇+̅K�" = 𝐸(𝑋" − 𝑌") = 84 − 74.2 = 9.8	𝑎𝑛𝑑	𝜎+̅K�"( = 𝑉𝑎𝑟(𝑋" − 𝑌") = 1.12 + 3.3036 = 4.4236.  
The requested probability is now 𝑃(−10 < 𝑋" − 𝑌" < 10) = 𝑛𝑜𝑟𝑚𝑎𝑙𝑐𝑑𝑓(−10, 10, 9.8, √4.4236) ≈ 0.5379 when 
rounded to four decimal places. 


