
Solutions to Midterm Exam

Statistics 371, Lecture 3 (Blended Course)

Fall, 2013; Professor Wardrop

There are two versions to each problem on the exam. Therefore, when you compare your answers to

the solutions below, be careful to make the correct comparison. I never change versions within a page; thus,

for example, if you determine that you have version 1 of problem 2 (on page 3), you also have version 1 of

problems 3 and 4 (both also on page 3).

1. In the sorted list of 100 responses, the smallest value is: 401 in Version 1 and 400 in Version 2.

Version 1:

(a) We have

c = x̄− s = 501.00 − 68.08 = 432.92 and d = x̄+ s = 501.00 + 68.08 = 569.08.

(b) A total of 19 responses are smaller than c and a total of 28 responses are larger than d. Thus,
100 − (19 + 28) = 53 observations, or 53%, are between c and d.

(c) The deviation is

x− x̄ = 474− 501 = −27.

(d) The sample size n = 100 is an even number. Thus, we calculate n/2 = 50. We need the

numbers in positions 50 and 51; they are:

x(50) = 494 and x(51) = 500; thus, x̃ = (494 + 500)/2 = 497.

(e) The total of the original 100 responses is: nx̄ = 100(501.00) = 50,100. The sum of the four

deleted responses is 2,196. Thus, the total of the 96 responses in data set B is 50,100 − 2,196 =
47,904. Thus, the mean of data set B is 47,904/96 = 499.00.

(f) The sample size n = 96 is an even number. Thus, we calculate n/2 = 48. We need the numbers

in positions 48 and 49; they are:

x(48) = 487 and x(49) = 494; thus, x̃ = (487 + 494)/2 = 490.5.

Version 2:

(a) We have

c = x̄− s = 580.00 − 82.84 = 497.16 and d = x̄+ s = 580.00 + 82.84 = 662.84.

(b) A total of 17 responses are smaller than c and a total of 19 responses are larger than d. Thus,
100 − (17 + 19) = 64 observations, or 64%, are between c and d.

(c) The deviation is

x− x̄ = 539− 580 = −41.

(d) The sample size n = 100 is an even number. Thus, we calculate n/2 = 50. We need the

numbers in positions 50 and 51; they are:

x(50) = 597 and x(51) = 601; thus, x̃ = (597 + 601)/2 = 599.
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(e) The total of the original 100 responses is: nx̄ = 100(580.00) = 58,000. The sum of the four

deleted responses is 1,901. Thus, the total of the 96 responses in data set B is 58,000 − 1,901 =
56,099. Thus, the mean of data set B is 56,099/96 = 584.36.

(f) The sample size n = 96 is an even number. Thus, we calculate n/2 = 48. We need the numbers

in positions 48 and 49; they are:

x(48) = 601 and x(49) = 603; thus, x̃ = (601 + 603)/2 = 602.

Grading of problem 1: Parts (a) and (c) were worth 1 point each; parts (b) and (d) were worth 1.5

points each; and parts (e) and (f) were worth 2 points each.

The class did very well on this problem. For the most part, an error resulted in losing 0.5 on (a) or (c)

and losing 1 on the others.

2. The smallest value of x is: 3 in Version 1 and 2 in Version 2.

Version 1:

(a) The distances between successive values is 4, 2 and 4; thus, δ = 2.

(b) The probability histogram is below.
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Version 2:

(a) The distances between successive values is 4, 2 and 4; thus, δ = 2.

(b) The probability histogram is below.
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Grading of problem 2: Part (a) was worth one point and (b) was worth four points.

The class did very well on this problem. The most common error was to make the heights of the

rectangles equal to the probability rather than the (correct) probability divided by δ; this lost 1 point.
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3. The value of n is: 200 in Version 1 and 300 in Version 2.

Version 1:

(a) In a frequency histogram, the height of each rectangle must be an integer. Thus, the rectangle in

question cannot be from a frequency histogram.

(b) The relative frequency of the interval is 0.20. Thus, its frequency is 0.20n = 0.20(200) = 40.

(c) The area of the rectangle is 2(0.20) = 0.40; this is the relative frequency of the interval. Thus,

its frequency is 0.40n = 0.40(200) = 80.

Version 2:

(a) In a frequency histogram, the height of each rectangle must be an integer. Thus, the rectangle in

question cannot be from a frequency histogram.

(b) The relative frequency of the interval is 0.12. Thus, its frequency is 0.12n = 0.12(300) = 36.

(c) The area of the rectangle is 4(0.12) = 0.48; this is the relative frequency of the interval. Thus,

its frequency is 0.48n = 0.48(300) = 144.

Grading of problem 3: Each part was worth 1 point. The class had some trouble with this problem,

particularly part (a).

4. The value of C is: 8 in part (a) of Version 1 and 16 in part (a) of Version 2.

Version 1:

(a) With C = 8, we see that x̄ > ȳ; hence, the P-value is for >.

(b) With C = 16, we see that x̄ < ȳ; hence, the P-value is for <.

(c) With C = 12, we see that x̄ = ȳ; hence, u = 0 and the vassarstats answer is nonsense.

Version 2:

(a) With C = 16, we see that x̄ < ȳ; hence, the P-value is for <.

(b) With C = 8, we see that x̄ > ȳ; hence, the P-value is for >.

(c) With C = 12, we see that x̄ = ȳ; hence, u = 0 and the vassarstats answer is nonsense.

Grading of problem 4: Each part was worth 1 point. Several persons lost 2 points because they

reversed the answers to (a) and (b). (Some also lost 1 point on (c).) I feel bad for punishing twice

what might have been one error. On the other hand, it might reflect two totally different errors. If you

have a good explanation for reversal, you might earn back one of the two points in appeal; or 0.5 if

your explanation is not so good; or 0 if I don’t like it at all.
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5. The count in the upper left cell of the table is: 3 in Version 1 and 6 in Version 2.

Version 1:

(a) The response ‘Low’ occupies positions 1–11; thus, its rank is (1 + 11)/2 = 6.

The response ‘Medium’ occupies positions 12–30; thus, its rank is (12 + 30)/2 = 21.

The response ‘High’ occupies positions 31–50; thus, its rank is (31 + 50)/2 = 40.5.

The above gives us:

r1 = 3(6) + 7(21) + 10(40.5) = 570 and r2 = 8(6) + 12(21) + 10(40.5) = 705.

(b) The mean of the ranks on treatment 1, 570/20 = 28.5, is larger than the mean of the ranks

on treatment 2, 705/30 = 23.5. Thus, using ranks, treatment 1 gives larger responses than

treatment 2.

Version 2:

(a) The response ‘Low’ occupies positions 1–9; thus, its rank is (1 + 9)/2 = 5.

The response ‘Medium’ occupies positions 10–30; thus, its rank is (10 + 30)/2 = 20.

The response ‘High’ occupies positions 31–46; thus, its rank is (31 + 46)/2 = 38.5.

The above gives us:

r1 = 6(5) + 14(20) + 8(38.5) = 618 and r2 = 3(5) + 7(20) + 8(38.5) = 463.

(b) The mean of the ranks on treatment 2, 463/18 = 25.7, is larger than the mean of the ranks

on treatment 1, 618/28 = 22.1. Thus, using ranks, treatment 2 gives larger responses than

treatment 1.

Grading of problem 5: Part (a) was worth 4 points and part (b) was worth 2 points. The class did

very well on this problem and it was very similar to a problem on the practice midterm. As a result, I

was a bit harsh in giving partial credit.

6. Problem 6 asks you to refer to the data in problem 5; as a result, it is necessarily the same version as

problem 5.

Version 1:

(a) The mean of the sampling distribution is:

µ = n1(n+ 1)/2 = 20(51)/2 = 510.

(b) In order to obtain the variance of the sampling distribution, we first need to determine that the

ti’s are: 11, 19 and 20. Thus,

∑

(t3i − ti) = (113 − 11) + (193 − 19) + (203 − 20) = 16,140.

Next,

σ2 =
20(30)51

12
− 20(30)16,140

12(50)49
= 2550 − 329.39 = 2220.61.
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(c) The standard deviation of the sampling distribution is

σ =
√
2220.61 = 47.12.

Version 2:

(a) The mean of the sampling distribution is:

µ = n1(n+ 1)/2 = 28(47)/2 = 658.

(b) In order to obtain the variance of the sampling distribution, we first need to determine that the

ti’s are: 9, 21 and 16. Thus,

∑

(t3i − ti) = (93 − 9) + (213 − 21) + (163 − 16) = 14,040.

Next,

σ2 =
28(18)47

12
− 28(18)14,040

12(46)45
= 1974 − 284.87 = 1689.13.

(c) The standard deviation of the sampling distribution is

σ =
√
1689.13 = 41.10.

Grading of problem 6: Parts (a) and (c) were worth one point each; part (b) was worth four points.

The class did very well on this problem; thus, as with problem 5, I was not generous with partial

credit.

On (b), two points were for handling the ti’s correctly. One point was lost for using the treatment 1

counts for the ties.

7. The number in the ‘a’ position in the table is 555 in Version 1 and 572 in Version 2.

Version 1:

(a) The test statistic U rejects 363 times. Thus, its approximate power is 363/1000 = 0.363.

(b) First, the approximation of rR is 408/1000 = 0.408. The nearly certain interval is

0.408 ± 3

√

0.408(0.592)

1000
= 0.408 ± 0.047.

(c) The nearly certain interval is

(b− c)/m ± (3/m)
√
b+ c = 0.045 ± 0.003

√
119 = 0.045 ± 0.033.

(d) All of the numbers in the nearly certain interval are positive. Thus, we may conclude that R1

definitely has more power than U .
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Version 2:

(a) The test statistic R1 rejects 377 times. Thus, its approximate power is 377/1000 = 0.377.

(b) First, the approximation of rU is 397/1000 = 0.397. The nearly certain interval is

0.397 ± 3

√

0.397(0.603)

1000
= 0.397 ± 0.046.

(c) The nearly certain interval is

(c− b)/m± (3/m)
√
b+ c = 0.020 ± 0.027

√
82 = 0.020 ± 0.027.

(d) The nearly certain interval includes zero; thus, we cannot be certain which test has more power.

Grading of problem 7: Parts (a) and (d) were worth one point each. Parts (b) and (c) were worth

four points each.

The class did very well on this problem. I graded (d) fairly severely; the most common grade was 0.5

lost. Here is why. Well, you see the answers that I wanted above. Similar answers also received full

credit. I particularly disliked answers in which people said that (c)’s interval was narrower than (b)’s.

The problem asked you to comment on (c), not to compare it to (b). Strictly speaking, you can’t really

compare the two because they are approximating different things.

8. The first probability given is 0.1548 in Version 1 and 0.1420 in Version 2.

Version 1:

(a) For the alternative >, the P-value is P (U ≥ u). In terms of what you are given,

P (U ≥ u) = P (U > u) + P (U = u) = 0.1548 + 0.0944 = 0.2492.

(b) For the alternative <, the P-value is P (U ≤ u). In terms of what you are given,

P (U ≤ u) = 1− P (U > u) = 1− 0.1548 = 0.8452.

(c) Balance gives us symmetry. Thus, for the alternative 6=, the P-value is the minimum of the

following three numbers:

2(0.2492) = 0.4984; 2(0.8452) = 1.6904; and 1.

Thus, it is 0.4984.

Version 2:

(a) For the alternative >, the P-value is P (U ≥ u). In terms of what you are given,

P (U ≥ u) = P (U > u) + P (U = u) = 0.1420 + 0.0689 = 0.2109.

(b) For the alternative <, the P-value is P (U ≤ u). In terms of what you are given,

P (U ≤ u) = 1− P (U > u) = 1− 0.1420 = 0.8580.
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(c) Balance gives us symmetry. Thus, for the alternative 6=, the P-value is the minimum of the

following three numbers:

2(0.2109) = 0.4218; 2(0.8580) = 1.7160; and 1.

Thus, it is 0.4218.

Grading of problem 8: One point for each part. I was surprised that the class had so much trouble

with this. I conclude that I need to focus on it more in the future. Anyways, I tried to be generous

with partial credit.

9. The actual value of u is −4 in Version 1 and −5 in Version 2. This problem is very abstract.

Version 1

(a) It is impossible to determine the value of u for the assignment 1,3,5,7. If you have trouble seeing

this, consider the following two possibilities for the actual data. First,

Trial: 1 2 3 4 5 6 7 8

Response: 4 4 4 4 8 8 8 8

These data give x̄ = 4, ȳ = 8 and u = 4 − 8 = −4, as required. For assignment 1,3,5,7 these

data give

x̄ = 6, ȳ = 6 and u = 6− 6 = 0.

The following data, however, are also possible.

Trial: 1 2 3 4 5 6 7 8

Response: 3 5 3 5 7 9 7 9

These data give x̄ = 4, ȳ = 8 and u = 4 − 8 = −4, as required. But for assignment 1,3,5,7

these data give

x̄ = 5, ȳ = 7 and u = 5− 7 = −2.

(b) The assignment 5,6,7,8 will yield u = 4. The idea is that the old x̄ becomes the new ȳ; and the

old ȳ becomes the new x̄. Thus, the new x̄− ȳ equals the old ȳ − x̄ = −1(−4) = 4.

(c) Suppose that in the actual data, x̄ = 5 and ȳ = 9 giving u = 5 − 9 = −4. With the constant

treatment effect of 4, assignment 5,6,7,8 will have x̄ = 9 + 4 = 13, ȳ = 5 − 4 = 1 and

u = 13− 1 = 12.

Upon reflection, you will see that this argument does not depend on my choice of 5 and 9 for the

actual means.

Version 2

(a) It is impossible to determine the value of u for the assignment 1,3,5,7. If you have trouble seeing

this, consider the following two possibilities for the actual data. First,

Trial: 1 2 3 4 5 6 7 8

Response: 3 3 3 3 8 8 8 8
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These data give x̄ = 3, ȳ = 8 and u = 3 − 8 = −5, as required. For assignment 1,3,5,7 these

data give

x̄ = 5.5, ȳ = 5.5 and u = 5.5 − 5.5 = 0.

The following data, however, are also possible.

Trial: 1 2 3 4 5 6 7 8

Response: 2 4 2 4 7 9 7 9

These data give x̄ = 3, ȳ = 8 and u = 3 − 8 = −5, as required. But for assignment 1,3,5,7

these data give

x̄ = 4.5, ȳ = 6.5 and u = 4.5− 6.5 = −2.

(b) The assignment 5,6,7,8 will yield u = 5. The idea is that the old x̄ becomes the new ȳ; and the

old ȳ becomes the new x̄. Thus, the new x̄− ȳ equals the old ȳ − x̄ = −1(−5) = 5.

(c) Suppose that in the actual data, x̄ = 4 and ȳ = 9 giving u = 4 − 9 = −5. With the constant

treatment effect of 5, assignment 5,6,7,8 will have x̄ = 9 + 5 = 14, ȳ = 4 − 5 = −1 and

u = 14− (−1) = 15.

Upon reflection, you will see that this argument does not depend on my choice of 4 and 9 for the

actual means.

Grading of problem 9: One point for (a), two points for each of the other parts. There is no partial

credit for this. (I could explain why, but I have made you read a great deal of comments already!)
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