
MATH3805 Regression Analysis

A S S I G N M E N T 2

Due date: Friday, 12 November 2021.

The data files are available in Moodle

Submit your homework to Moodle.

1. Work out the following formulae for the simple linear regression in Lecture Note 3 and 4
from the corresponding formulae given in matrix terms:

(a) the normal equations,

(b) β̂0,

(c) β̂1,

(d) var(β̂0),

(e) var(β̂1).

2. Use the method of least squares to fit a straight line to the five data points:

x -2 -1 0 1 2
y 4 3 3 1 -1

(a) Construct Y and X matrices for the data.

(b) Find XTX and XTY.

(c) Find the least squares estimates β̂ = (XTX)−1XTY.

(d) Give the prediction equation.

3. Do the data given in Exercise 2 provide sufficient evidence to indicate that x contributes
information for the prediction of y? Test H0 : β1 = 0 against Ha : β1 6= 0 using α = .05.

4. Refer to Exercise 2. Find a 90% confidence interval for E(y) when x = 1. Interpret the
interval. Suppose you plan to observe y for x = 1. Find a 90% prediction interval for that
value of y. Interpret the interval.

5. An experiment was conducted to investigate the effect of extrusion pressure P and temper-
ature T on the strength y of a new type of plastic. Two plastic specimens were prepared
for each of five combina- tions of pressure and temperature. The specimens were then
tested in random order, and the break- ing strength for each specimen was recorded. The
independent variables were coded to simplify com- putations, that is,

x1 =
P − 200

10
, x2 =

T − 400

25

The n = 10 data points are listed in the table



y x1 x2
5.2; 5.0 -2 2
.3; -.1 -1 -1

-1.2; -1.1 0 -2
2.2; 2.0 1 -1
6.2; 6.1 2 2

(a) Give the Y and X matrices needed to fit the model y = β0 + β1x1 + β2x2 + ε.

(b) Find the least squares prediction equation.

(c) Find SSE and s2.

(d) Does the model contribute information for the prediction of y? Test using α = .05.

(e) Find R2 and interpret its value.

(f) Test the null hypothesis that β1 = 0. Use α = .05. What is the practical implication
of the test?

(g) Find a 90% confidence interval for the mean strength of the plastic for x1 = −2 and
x2 = 2.

(h) Suppose a single specimen of the plastic is to be installed in the engine mount of
a Douglas DC-10 aircraft. Find a 90% prediction interval for the strength of this
specimen if x1 = −2 and x2 = 2.

6. Deep space survey of quasars. A quasar is a distant celestial object (at least 4 billion
light-years away) that provides a powerful source of radio energy. The Astronomical Journal
(July 1995) reported on a study of 90 quasars detected by a deep space survey. The survey
enabled astronomers to measure several different quantitative characteristics of each quasar,
including redshift range, line flux (erg/cm2· s), line luminosity (erg/s), AB1450 magnitude,
absolute magnitude, and rest frame equivalent width. The data for a sample of 25 large
(redshift) quasars is listed in the below table

(a) Hypothesize a first-order model for equivalent width, y, as a function of the first four
variables in the table.

(b) Fit the first-order model for the data. Give the least squares prediction equation.

(c) Interpret the β estimates in the model.

(d) Test to determine whether redshift (x1) is a useful linear predictor of equivalent width
(y), using α = .05.

(e) Locate R2 and R2
a . Interpret these values. Which statistic is the preferred measure

of model fit? Explain.

(f) Locate the global F -value for testing the overall model on the SPSS printout. Use
the statistic to test the null hypothesis H0 : β1 = β2 = · · · = β4 = 0.



7. Cooling method for gas turbines. Refer to the Journal of Engineering for Gas Turbines
and Power (January 2005) study of a high pressure inlet fogging method for a gas turbine
engine. Recall that the heat rate (kilojoules per kilowatt per hour) was measured for each
in a sample of 67 gas turbines augmented with high pressure inlet fogging. In addition,
several other variables were measured, including cycle speed (revolutions per minute),
inlet temperature , exhaust gas temperature , cycle pressure ratio, and air mass flow rate
(kilograms per second). The data are saved in the GASTURBINE file. (The first and last
five observations are listed in the below table.)

(a) Write a first-order model for heat rate (y) as a function of speed, inlet temperature,
exhaust temperature, cycle pressure ratio, and air flow rate.

(b) Fit the model to the data using the method of least squares.

(c) Give practical interpretations of the β estimates.

(d) Find the model standard deviation, s, and interpret its value.

(e) Find the adjusted-R2 value and interpret it.

(f) Is the overall model statistically useful at predicting heat rate (y)? Test using α = .01.



8. Role of retailer interest on shopping behavior. Retail interest is defined by marketers
as the level of interest a consumer has in a given retail store. Marketing professors at the
University of Tennessee at Chattanooga and the University of Alabama investigated the
role of retailer interest in consumers’ shopping behavior (Journal of Retailing, Summer
2006). Using survey data collected for n = 375 consumers, the professors developed an
interaction model for y = willingness of the consumer to shop at a retailer’s store in the
future (called “repatronage intentions”) as a function of x1 = consumer satisfaction and
x2 = retailer interest. The regression results are shown below.

VARIABLE ESTIMATED β t-VALUE p-VALUE
Satisfaction (x1) .426 7.33 <.01
Retailer interest (x2) .044 0.85 > .10
Satisfaction × Retailer interest (x1x2) -.157 -3.09 < .01
R2 = .65, F = 226.35, p− value < .001

(a) Is the overall model statistically useful for predicting y? Test using α = .05.

(b) Conduct a test for interaction at α = .05.

(c) Use the β-estimates to sketch the estimated relationship between repatronage inten-
tions (y) and satisfaction (x1) when retailer interest is x2 = 1 (a low value).

(d) Repeat part c when retailer interest is x2 = 7 (a high value).

(e) Sketch the two lines, parts c and d, on the same graph to illustrate the nature of the
interaction.



9. Carp diet study. Fisheries Science (February 1995) reported on a study of the variables
that affect endogenous nitrogen excretion (ENE) in carp raised in Japan. Carp were divided
into groups of 2-15 fish, each according to body weight and each group placed in a sep-
arate tank. The carp were then fed a protein- free diet three times daily for a period of 20
days. One day after terminating the feeding experiment, the amount of ENE in each tank
was measured. The below table gives the mean body weight (in grams) and ENE amount
(in mil ligrams per 100 grams of body weight per day for each carp group.

(a) Graph the data in a scatterplot. Do you detect a pattern?

(b) The quadratic model E(y) = β0 + β1x + β2x
2 was fit to the data using MINITAB

The MINITAB printout is displayed below Conduct the test H00 : β − 2 = 0 against
Ha : β2 6= 0 using α = .10. Give the conclusion in the words of the problem.



10. RNA analysis of wheat genes. Engineers from the Department of Crop and Soil
Sciences at Washington State University used regression to estimate the number of copies of
a gene transcript in an aliquot of RNA extracted from a wheat plant (Electronic Journal of
Biotechnology, April 15, 2004). The proportion (x1) of RNA extracted from a cold-exposed
wheat plant was varied, and the transcript copy number (y, in thousands) was measured
for each of two cloned genes: Mn Superoxide Dismutose (MnSOD) and Phospholipose D
(PLD). The data are listed in the accompanying table. Letting x1 = RNA proportion and
x2 = {1 if MnSOD, 0 if PLD), consider the second-order model for number of copies (y):

E(y) = β0 + β1x1 + β2x
2
1 + β3x2 + β4x1x2 + β5x

2
1x2

(a) MINITAB was used to fit the model to the data. Locate the least squares prediction
equation for y on the printout shown below.

(b) Is the overall model statistically useful for predicting transcript copy number (y)?
Test using α = .01.

(c) Based on the MINITAB results, is there evidence to indicate that transcript copy
number (y) is curvilinearly related to proportion of RNA (x1)? Explain.



11. Cost of modifying a naval air base. A naval base is considering modifying or adding
to its fleet of 48 standard aircraft. The final decision regarding the type and number of
aircraft to be added depends on a comparison of cost versus effectiveness of the modified
fleet. Consequently, the naval base would like to model the projected percentage increase y
in fleet effectiveness by the end of the decade as a function of the cost x of modifying the
fleet. A first proposal is the quadratic model E(y) = β0 + β1x+ β2x

2 The data provided in
the table were collected on 10 naval bases of similar size that recently expanded their fleets.



(a) Fit the quadratic model to the data.

(b) Interpret the value of R2
a on the printout.

(c) Find the value of s and interpret it.

(d) Perform a test of overall model adequacy. Use α = .05.

(e) Is there sufficient evidence to conclude that the percentage improvement y increases
more quickly for more costly fleet modifications than for less costly fleet modifications?
Test with α = .05.

(f) Now consider the complete second-order model

E(y) = β0 + β1x− 11 + β2x
2
1 + β3x2 + β4x1x2 + β5x

2
1x2

where x1 = Cost of modifying the fleet. x2 = 1 if U.S. base, else x2 = 0 if foreign base.
Fit the complete model to the data. Is there sufficient evidence to indicate that type
of base (U.S. or foreign) is a useful predictor of per- centage improvement y? Test
using α = .05.


