
1

Quiz Practice Questions 7 (Attendance 14) for Statistics 503
Introduction to Statistics

Material Covered: Sections 10.6, 10.7, 10.8 Rao and Kuhn

These are practice questions for the quiz. The quiz (not the practice questions) is
worth 5% and marked out of 5 points. One or more questions is closely, but not
necessarily exactly, related to one or more of these questions will appear on the quiz.
These practice questions are not to be handed in. Quizzes are to be done using Vista
on the Internet before 4am of the date of the quiz. Vista will not allow any quiz
to be done late. It is highly recommended that you complete this practice quiz, by
hand, before logging onto Vista. The quiz is an individual one which means that
each student does this quiz by themselves without help from others. Also check out
previous quizzes given at

http://www.pnc.edu/faculty/jkuhn/courses/previous/quizzes/quizzes.html

1. Statistical Research Methods in the Life Sciences (Rao) Questions.
Section Exercise(s) hints
10.6, pages 424–425 (10.20) PRGM REGSCIPI; see below

(10.21) see below
10.7, page 431 (10.24) PRGMs QQPLTREG, EVYPLOT, EVXPLOT; see below

(10.25) see below
10.8, pages 443–444 (10.30) PRGMs REGANOVA, REGINF and CORRZERO; look below

(10.32) PRGM CORRSTAT
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(10.20) chemical influx samples and simultaneous CIs and PIs

(a) Since Working–Hotelling (WH) Confidence Bound: µ̂(xi) ±√
2F (2, n− 2, α)σ̂

where σ̂ =

√[
1
n

+ (x−x̄)2

Sxx

]
MS[E],

and so
µ̂(x) = β̂0 + β̂1x = 24.854 + 4.4922x

(STAT CALC LinReg) and
x̄ = 3.455

(Use x̄ in STAT CALC 1–Var Stats L1 ENTER) and√
2F (2, n− 2, α) =

√
2F (2, 16− 2, 0.05) =

√
2(3.74) = 2.7350

(To determine F , use PRGM INVF 2 ENTER 14 ENTER 0.95 ENTER)
and since the ANOVA table for simple linear regression is given by,

Source Degrees of Freedom Sum Of Squares Mean Squares

Regression (β1) 1 SS[R] = β̂2
1Sxx MS[R]

Error n - 2 SS[E] Syy − β̂2
1Sxx MS[E]

Total n - 1 SS[TOT] = Syy

then
MS[E] = 4.5236

(use MS in ERROR of PRGM REGANOVA)
and since SS[R] = β̂2

1Sxx, then

Sxx = SS[R]/β̂2
1 = 2142.37657/2.49222 = 106.164

(Use SS in REGRESSION of PRGM REGANOVA and β̂1 = 2.49 from the
regression equation above) and so

σ̂ =

√√√√[
1

n
+

(x− x̄)2

Sxx

]
MS[E] =

√√√√[
1

16
+

(x− 3.455)2

1.06.1659

]
4.5236

and so the WH confidence bound, µ̂(xi)±
√

2F (2, n− 2, α)σ̂ is

24.854 + 4.4922x±

√√√√[
1

16
+

(x− 3.455)2

1.06.1659

]
4.5236
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(b) The confidence bound,

24.854 + 4.4922x±

√√√√[
1

16
+

(x− 3.455)2

1.06.1659

]
4.5236

is calculated between chemical doses 30 (or, for the confidence bound given,
ln 30 = 3.4) and 120 (or, for the confidence bound given, ln 120 = 4.79)
and then
µ̂min(30−−120) is the value of the confidence bound which is smallest for
all 3.4 ≤ ln x ≤ 4.79
and µ̂max(30−−120) is the value of the confidence bound which is largest
for all 3.4 ≤ ln x ≤ 4.79
now, since the slope of the regression line is positive this implies that
µ̂min(30 − −120) = µ̂min(30) = 38.68, the lower value of the CI at x = 30
(ln x = 3.4)
(Use lower value of WH in SIM CI of PRGM REGSCIPI, with values M =
1 (there are no future values, but let m = 1 (say)), K = 1 (the number of
simultaneous confidence intervals does not influence the Working–Hotelling
CI, but let K = 1 (say)), ALPHA = 0.05 or plug x = 3.4 into the confidence
bound formula above)
µ̂max(30 − −120) = µ̂max(120) = 47.9981, the upper value of the CI at
x = 120 (ln x = 4.79)
(Use upper value of WH in SIM CI of PRGM REGSCIPI, with values M
= 1, K = 1, ALPHA = 0.05, or plug x = 4.79 into the confidence bound
formula above)

(c) Since Working–Hotelling (WH) Prediction Bound: µ̂(xi) ±√
2F (2, n− 2, α)σ̂p

where σ̂p =

√[
1
m

+ 1
n

+ (x−x̄)2

Sxx

]
MS[E],

all of the information in (a) above can be used, to arrive at

24.854 + 4.4922x±

√√√√[
1

m
+

1

16
+

(x− 3.455)2

1.06.1659

]
4.5236

or, if m = 1,

24.854 + 4.4922x±

√√√√[
1.0625 +

(x− 3.455)2

1.06.1659

]
4.5236
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(d) As in (b) above, since the slope of the regression line is positive this implies
that
µ̂min(30 − −120) = µ̂min(30) = 34.14, the lower value of the PI at x = 30
(ln x = 3.4)
(Use lower value of WH in SIM PI of PRGM REGSCIPI, with values M
= 1, K = 1, ALPHA = 0.05 or plug x = 3.4 into the prediction bound
formula (c) above)
µ̂max(30−−120) = µ̂max(120) = 52.40, the upper value of the CI at x = 120
(ln x = 4.79)
(Use upper value of WH in SIM PI of PRGM REGSCIPI, with values M
= 1, K = 1, ALPHA = 0.05, or plug x = 4.79 into the prediction bound
formula (c) above)
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(10.21) disease index and simultaneous PIs “One–at–time” is a special case of the
Bonferroni CI, where k = 1. For Bonferroni, let k = 2 (as in the example, given
in the text).
Simultaneous prediction intervals.

x One–at–a–time Bonferroni, k = 2 Working–Hotelling
100 (15.68, 44.18) (12.25, 47.6) (10.8, 49.05)
200 (35.55, 62.38) (32.33, 65.6) (30.97, 66.96)

(Twice use (x = 100, 200) both BF and WH in SIM PI of PRGM REGSCIPI,
with values M = 1 (use this, since not clear from Exercise what to use), K = 1,
(and 2, since x = 100, 200) ALPHA = 0.10.)
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(10.24) chemical influx samples and residual plots

(a–1) using x = d

1. Normality? The q–q plot for this data indicates normality
(PGRM QQPLTREG)

2. Equal Variance? The e∨ ŷ plot for this data indicates none of these
(non–constant variance)
(PRGM EVYPLOT)

3. Linear? Using either a scatter plot or the e ∨ x plot, it appears the
data is not linear.
(PRGM EVXPLOT)

(a–2) using x = ln d

1. Normality? The q–q plot for this data indicates normality

2. Equal Variance? The e ∨ ŷ plot for this data indicates σ2 = k

3. Linear? Using either a scatter plot or the e ∨ x plot, it appears the
data is linear.

(b) The linear regression assumptions are better satisfied with the data uses
x = ln d than when the data uses x = d.
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(10.25) disease index data and residual plots

1. Normality? The q–q plot for this data indicates non–normality

2. Equal Variance? The e∨ ŷ plot for this data indicates unequal variance

3. Linear? Using either a scatter plot or the e ∨ x plot, it appears the data
is not linear.
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(10.30) disease index data and correlation coefficient using exact test

(a–1) regression of y on x

Source Degrees of Freedom Sum Of Squares Mean Squares
Regression (β1) 1 3.22 3.22

Error 8 5.78 0.72
Total 9 8.99

(type 0, 4, 6 . . . , 14 into L2 (not L1!) and 3.5, 3.7, . . . , 1.6 into L1 (not
L2!), then use PRGM REGANOVA)

(a–2) regression of y on x

Source Degrees of Freedom Sum Of Squares Mean Squares
Regression (β1) 1 43.93 43.93

Error 8 78.97 9.87
Total 9 122.9

(type 0, 4, 6 . . . , 14 into L1 and 3.5, 3.7, . . . , 1.6 into L2, then use PRGM
REGANOVA)

(b–1) since coefficient of determination of y on x for

Source Degrees of Freedom Sum Of Squares Mean Squares

Regression (β1) 1 SS[R] = β̂2
1Sxx MS[R]

Error n - 2 SS[E] Syy − β̂2
1Sxx MS[E]

Total n - 1 SS[TOT] = Syy

is

R2 =
MS[R]

MS[T ]

in this case,

R2 =
3.2157

8.996
= 0.3575

(b–2) in a similar way, the coefficient of determination of x on y is

R2 =
43.9322

122.9
= 0.3575

which is the same as for y on x.

(c) The correlation coefficient is the square of the coefficient of determination
with an appropriate sign tacked on. So, although we can derive the absolute
value of the correlation coefficient from the ANOVA table, we are not able
to derive the correlation coefficient itself.
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(d–1) test correlation coefficient, x on y (say)

1. Statement. Ho : ρ = 0 versus H1 : ρ 6= 0

2. Test. Since n is small, use the exact sample test statistic,

t =
rXY

√
n− 2√

1− r2
XY

=
0.704

√
10− 2√

1− (0.704)2
=

−2.11 (TOBS in PRGM CORRZERO).
The upper critical value at α = 0.05, with n− 2 = 10− 2 = 8 degrees
of freedom, is −2.31 (TCRT or INVT with 8 df).

3. Conclusion. Since the test statistic, -2.11, is larger than the critical
value, -2.31, we accept the null hypothesis that ρ = 0.

(d–2) test slope, y on x

1. Statement. H0 : β1 = 0 versus H1 : β1 6= 0.

2. Test. The test statistic

tθ̂ =
θ̂ − θ0

σ̂θ̂

=
−0.162− 0

0.077

which equals -2.11 (TOBS).
The lower critical value at α = 0.05, with n− 2 = 10− 2 = 8 degrees
of freedom, is -2.306 (TCRT)

3. Conclusion. Since the test statistic, -2.11, is larger than the critical
value, -2.306, we accept the null hypothesis that β1 = 0.

Type 0, 4, 6 . . . , 14 into L1 and 3.5, 3.7, . . . , 1.6 into L2, then use PRGM
REGINF where {B0,B1,MN,PI} = {0,1,0,0}

(d–3) test slope, c on y

1. Statement. H0 : β1 = 0 versus H1 : β1 6= 0.

2. Test. The test statistic

tθ̂ =
θ̂ − θ0

σ̂θ̂

=
−2.21− 0

1.048

which equals -2.11 (TOBS).
The lower critical value at α = 0.05, with n− 2 = 10− 2 = 8 degrees
of freedom, is -2.306 (TCRT)

3. Conclusion. Since the test statistic, -2.11, is larger than the critical
value, -2.306, we accept the null hypothesis that β1 = 0.

Type 0, 4, 6 . . . , 14 into L2 and 3.5, 3.7, . . . , 1.6 into L1, then use PRGM
REGINF where {B0,B1,MN,PI} = {0,1,0,0}

Notice that t = −2.11 in all three cases.

(e) accept null hypothesis that correlation coefficient is zero
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(10.32) plants data and correlation coefficient using Fisher transformation

(a) 95% CI is given by (0.587, 0.829)
(Use PRGM CORRSTAT, where NULLR is 0 (although a test is not being
asked for here), OBSR is 0.73, n is 62 and ALPHA is 0.05.)

(b) 95% confident correlation in (0.587, 0.829)

(c) 90% lower bound is given by (0.642,∞)
(Use PRGM CORRSTAT, where NULLR is 0, OBSR is 0.73, n is 62 and
ALPHA is 0.20 (not 0.10, since asked for lower bound).)

(d) 90% confident correlation is at least 0.642

(e) 1− r2 = 1− 0.642 = 0.4671 (not covered, so do not worry about it)


