Practice Exam Questions and Solutions
for Midterm 1
Statistics 301, Professor Wardrop

. Sarah performs a CRD with a dichotomous re-
sponse. She obtains the sampling distribution of
the test statistic for Fisher’s test for her data; it
is given below.

r PX=2z) PX<z) PX >z
—0.6667  0.0001 0.0001 1.0000
—0.5278 0.0024 0.0025 0.9999
—0.3889  0.0242 0.0267 0.9975
—0.2500 0.1104 0.1371 0.9733
—0.1111  0.2588 0.3959 0.8629

0.0278 0.3220 0.7179 0.6041
0.1667  0.2094 0.9273 0.2821
0.3056  0.0652 0.9925 0.0727
0.4444  0.0075 1.0000 0.0075

(a) Find the P-value for the first alternative
(p1 > p2) if x = 0.1667.

(b) Find the P-value for the second alternative
(p1 < p2) if x = —0.2500.

(c) Find the P-value for the third alternative
(p1 75 pg) if x =—0.1111.

(d) Determinéboth the P-value and that sat-
isfy the following condition: The data are
statistically significant but not highly sta-
tistically significant for the second alter-
native p1 < po).

(e) Determine all combinations of P-values
and x’s that satisfy the following condi-
tion: The data are statistically significant
but not highly statistically significant for
the third alternativeg; # po).

() Suppose that you want to draw the proba-
bility histogram of this sampling distribu-
tion. How tall is the rectangle centered at
x = 0.0278.

2. Consider an unbalanced study with ten subjects,

identified as A, B, C,D, E, G, H, J, Kand L. In
the actual study,

e Subjects A, B, C and D are assigned to the
first treatment, and the other subjects are
assigned to the second treatment.

e There are exactly four successes, obtained
by A, E,Gand L.

This information is needed for parts (a)—(c) be-
low.

(a) Compute the observed value of the test
statistic.

(b) Assume that the Skeptic is correct. Deter-
mine the observed value of the test statistic
for the assignment that places A, E, H and
L on the first treatment, and the remaining
subjects on the second treatment.

(c) Assume that the Skeptic is correct about

subjects A, B, E and G, but incorrect about
subjects C, D, H, J, Kand L.
For the assignment that puts B, G, H and
J on the first treatment, and the other sub-
jects on the second treatment, determine
the response for each of the ten subjects.

3. A comparative study yields the following table

of counts.
Treat. S F Total
1 6 4 10
2 6 2 8
Total 12 6 18

Assuming that the Skeptic is correct, determine
all possible values of the test statistic.



4. A comparative study, with two treatments, di- 6. An unbalanced CRD is performed and vyields
chotomous response and randomization is per- the data below. Use the standard normal curve
formed. The study is not balanced. to obtain the approximate P-value for the sec-

The observed value of the test statistic, is ond alternativep; < ps.

a positive number. The exact P-values for all

three alternatives are obtained and are below. Treatment S £ Total

1 22 78 100

0.3329, 0.6211 and 0.8234. 2 24 56 80
Total 46 134 180

Match each P-value with its alternative. _
(a) Use the standard normal curve to obtain

the approximate P-value for the first alter-

Alternative ]
> < 4 native,p; > ps.

(b) Use the standard normal curve to obtain
the approximate P-value for the second al-
ternative,p; < po.

(c) Use the standard normal curve to obtain

5. A comparative study, with two treatments, di- the approximate P-value for the third al-
chotomous response and randomization is per- ternative,p; # po.

formed. The study is balanced.
7. Mike draws a probability histogram for a

The observed value of the test statistig, is X ) )
Fisher’s test. You are given the following facts:

a negative number. The exact P-values for all
three alternatives are obtained. The three exact o The study is balanced.
P-values are below along with three other num-

bers. Also note that for the actual value of * 0=0.02.
P(X =) =0.1257. e The height of the rectangle centered at
0.01is 7.77.
0.0863, 0.1215, 0.4336, 0.6921,
0.8672 and 0.9507, (a) CalculateP(X = 0.01).
(b) Given that the actual value of the test
_Identify the_: three P-value and match each with statistic isz = —0.03, calculate the exact
its alternative. P-value for the third alternative; # po.
Alternative
> < #




1.

Solutions
(@) The P-value is
P(X > 0.1667) = 0.2821.
(b) The P-value is
P(X < —0.2500) = 0.1371.
(c) The P-value is
P(X < —0.1111) + P(X > 0.1111) =

0.3959 + P(X > 0.1667) =

0.3959 + 0.2821 = 0.6780.

(d) The P-value is in the column headed

“P(X < z).” The only number in this

column that satisfies the stated conditions
is 0.0267; thus, 0.0267 is the P-value and

it corresponds ta: = —0.3889.

(e) The P-value is the sum of a number from

the third column and a number from the
fourth column. | will proceed by ‘in-
formed trial and error.’

Let's begin in the third column with the

entry 0.0267. This area corresponds to

z = —0.3889. If £ = —0.3889, then the
P-value i9).0267 + 0.0075 = 0.0342.

It can be seen rather quickly that for any
other entry in the third column the resul-
tant P-value will be smaller than 0.01 or
greater than 0.05.

Moving to the fourth column, consider the
entry x = 0.4444. This gives a P-value
of 0.0075 + 0.0025 = 0.0100, which is
highly statistically significant.

It can be seen rather quickly that for any
other entry in the fourth column the resul-
tant P-value will be smaller than 0.01 or
greater than 0.05.

Thus, the lone correct answer is =
—0.3889 which gives a P-value of 0.0342.

3

(f) There is some round-off error in the values
of thex's b/c there are two possible values
for §:

0.4444 — 0.3056 = 0.1388, and
0.3056 — 0.1667 = 0.1389.

You may use either one w/o having much
impact on your answer. Using the former,
the height of the retangle is

P(X =0.0278)/0.1388 =
0.3220/0.1388 = 2.320.
(a) The observed value of the test statistic is
T=p1—p2=1/4-3/6=
0.25 — 0.50 = —0.25.

(b) The observed value of the test statistic
would be

l’:ﬁl—ﬁ2:3/4—1/6:
0.75 — 0.17 = 0.58.

(c) Aand G will remain S’s b/c the Skeptic is
correct.
B and K will remain F's b/c they have not
changed treatment.
C, D, H and J will become S’s b/c the
Skeptic is incorrect and they have changed
treatment.
E and L will remain S’s b/c they have not
changed treatment.

3. The smallest possible value in theposition in

the table is 4, b/c any number smaller than 4 will
make d’ negative. You can check that = 4

givesz = —0.600. The largest possible value
for ‘a’ is 10, which givesr = 0.750. Next,
n 18
= = —— =0.225.
ning 10(8)

Thus, the possible’s are:
—0.600, —0.375, —0.150,0.075, 0.300,
0.525 and0.750.



4. Recall thatz > 0. Define the following quanti-
ties.

A=P(X >z),B=P(X <)
andC = P(X < —x).
The P-values are given below.

Alt. P-value
> A
< B
< A+C

As argued befored + B must be larger than 1.

ConsiderA + C'. | will prove by contradiction
that it equals 0.6211. Firstl + C'is larger than

A; thus, it cannot be the smallest of the three P-

values. IfA+C = 0.8234, thenA4 and B would

be the remaining P-values and they would NOT

sum to more than 1.

Given that4 + C = 0.6211, it follows that A
(being smaller) is 0.3329 anfd is 0.8234.

5. The fact that the study is balanced implies that
the sampling distribution is symmetric, as dis-

cussed previously in the class. Recall that
0. Define the following quantities.

D=PX >z),E=P(X <x)
andF = P(X > —x).
B/c of symmetry,El = F.
The P-values are given below.

Alt. P-value
> D
< F

+ E+F=2E

Thus, one of the P-valuegF) is twice as large
as another ). Examining the six candidates,
we find thatE = 0.4336 and2FE = 0.8672.
Recall that

D+E=1+P(X =uz)=1.1257.
Thus,
D +0.4336 = 1.1257 or D = 0.6921.

6. First, calculate
x = 22/100—24/80 = 0.22—0.30 = —0.08, and

~[a6(139)
7= \/ 100(80)(179)

Thus,z = —0.08/0.0656 = —1.22.

= v0.0043045 = 0.0656.

(a) For the alternative-, the approximate P-
value equals the area under the snc to the
right of z = —1.22, which equals 0.8888.

(b) For the alternativec, the approximate P-
value equals the area under the snc to
the right of —z = +1.22, which equals
0.1112.

(c) For the alternativeZ, the approximate P-
value equals twice the area under the snc
to the right of|z| = +1.22, which equals
2(0.1112) = 0.2224.

7. It helps to draw a picture.

(a) The probability is given by the area of its
rectangle:

0.02(7.77) = 0.1554.

(b) The possible values of the test statistic are:
...—0.03,-0.01,0.01,0.03, . ...
By symmetry,
P(X >0.01) = P(X < —0.01) = 0.5000.
Thus,
P(X > 0.03) = 0.5000—P(X = 0.01) =

0.5000 — 0.1554 = 0.3446.

The P-value sought is
P(X < -0.03)+P(X >0.03) =2P(X > 0.03),
by symmetry. Thus, the P-value is

2(0.3446) = 0.6892.



