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Chapter 3

. nominal, ordinal, interval, ratio

. 08413 b —0.842
. 18.475  b. 0.699

. —1.350 b. 0.05

. 251 b, 0.025

0 b0 g0

FEoP R

. standard normal
,a2.30 b3 ¢ 280r3.11

]

. a. 5.0 b (187.44, 192.56)

- foorsyy = 2.052

. (24.66, 35.33)

. 3.6858

. a. significant difference  b. significant difference
. nonsignificant difference

+ Ipgos,io = 3.619

b

. &, Typelerror b, correctdecision ¢ correct decision  d. Type Il error
. a,b

. C

. b

cal-a ba e¢f d1-p8

. Accept H,,.
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Chapter 5 . .
1. a. Dry Weight () does increase with increasing Age (X), but the relationship may not pe

11.

[~2

|- ]

-8

eI I 1]

bacd O -V A -7

ﬂg‘_ﬁ!""ﬂﬂ.f‘h & B Mmoo

linear. An exponential relationship between X and ¥ may better fit the data. Log Dry
Weight (Z) increases linearly with increasing Age (X).

. Y=8,+ B X+ E Z=Fy+ B X+ E
., P = ~1.885 + 0235X Z= -2.689 + 0.196X
. The regression line for Log,, Dry Weight regressed on Age has a better fit. It is more

appropriate to run a linear regression of Z on X.

. 95% confidence intervals: for 8): (0.190, 0.202), for B;: (—2.759, —2.620)

(—1.149, —1.096)

. The relationship between Time (¥) and Inc (X) does not appear to be linear.

~

. By = 19.626 B3, = 0.0007

Y = 19.626 + 0.0007X. The regression line fits the data poorly.

. The linearity assumption is not met.
. T=12.023, P = 0.0582 (from SAS output). We do not reject H, since P-value > 0.05,
. The scatter plot suggests that a parabola would better fit the data.

¥ = 2.174 + 1.177X. The line fits the data well.
No.

. T=135 P <0.0001 (from SAS output).

Since P-value < 0.05, we reject H,,.

.F=0954 , 0.15<P<0.25

Since P-value > 0.05, we do not reject H,

. (44.146, 47.276) .
<= -122345 4 6.227X Y, = —1.697 + 0.299X
. ¥, regressed on X.

I' = —57.934. Critical value: #;; ~2.898 under H, at « = 0.01. We see that
|71 = 57.934 > 2.898, so we reject H, at ¢ = 0.01.

. (0.264, 0.334)
L (1118,12.32)
. By =2936 B = —1.785

~

. Y = 2936 — 1.785X. The line fits the data well.
. ¥ = 862.979X 178
. (6.266, 9.311), (321.366, 528.445)

One could plot the transformed data (X', ¥') and then draw the estimated regression line
on the plot. Then one could compare the fit of the estimated line of (X, Y) versus that of
(X', Y"). If one did this comparison, the straight-line regression of (X, ¥) gives a better fit.

A

. ¥ = 3707 — 0.012X.
. T=—8684 P =0.001 (from SAS output).

Since P-value < 0.05, we reject H,,.

- Including the data from the three experiments, rather than just using the average values,

would provide more information and might improve the sensitivity of the analysis,

. (1.243,3.737)
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. It is inappropriate, since the estimated model relies on data that do not include any infor-

mation for average growth rate when exposed to a gas with a molecular weight of 200.
The chosen X values are not uniformly distributed in the experiment. There are large
gaps between the X values of 39.9, 83.8, and 131.3. This may result in a fitted line sub-
ject to inaccuracies for predicting ¥ based on X.

“From the SAS output: B = 0.116 B, = 0.003
. T=0811 P =0.433 (from SAS output).

Since P-value > 0.10, we do not reject H.

LT =0046 P =00964 (from SAS output).

Since P-value > 0.10, we do not reject Ho.

7= 0116 + 0.005X

The line does not differ from the line plotted in part (e). The evidence suggests that there
is no significant linear relationship. Determining a well-fitting line is difficult, given the
dispersion of the data.

. As X increases, the dispersion of ¥ increases.

B, = —2546 B, = 0032 = —2.546 + 0.032X

. This chart implies a better linear Eelationship between X and Y.
LBy=—6532 B =1430 Y= —6.532 + 1.430X
. The natural log transformation provides the best representation. The natural log plot bet-

ter illustrates the linear relationship and the dispersion of the data is more similar at each
level of toluene exposure. The first plot indicates that there may be a violation of
homoscedasticity for the untransformed data.

. Yes. .

Y = 1.643 3} 1.057X. The line appears to fit the data well.

. 95% CI for B,: (0.580, 1.534). The 95% C1 does not include the null value of zero, indi-

cating that there is a significant linear relationship at @ = 0.05.

. No, it is not appropriate, since the data used to estimate the regression line do not inlude

a $10 million advertising expenditure in its range.

. There may be a slight negative linear relatjonship.
Y =0, +BX+E PB=76008 p,=-0015

The baseline OWNEROCC = 76%, and as OWNCOST increases by $1,000, the per-
centage of OWNEROCC decreases by ~2%.

¥ = 76.008 — 0.015X. The line fits the data well.
T=-2.607 P =0.0155 (from SAS output).

Since P-value < 0.05, we reject Ho.

. (—0.027, —0.003). We are 95% confident that the true slope is between —0.027 and

--0.003. Since the interval does not contain zero, we conclude that the slope is not equal
to zero (at o = 0.05).

Chapter 6
1. a. (1) r =086 2) r=0999
b. (1) (0.546, 0.964) (2) (0.996, 1.000)
(1) r* = 0.744, so 74% of the variation in ¥ is explained with the help of X.
(2) r* =0.998, so0 99% of the variation in Z is explained with the help of X.

d. The regression using Log o Dry Weight appears to fit better. This agrees with Chapter 5,
Problem 1{d).

C.
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. r=0980

. Substitute r(S,/Sy) and (n

(n—__% (8% — P2S2) for B, and 52 % in formula (5.9).
¢. T' = 13.929; T ~ # under Hy: p = 0. The P-value for this test is less than 0.001;
therefore, we reject Hy,
d. The graph of ¥ vs X does not illustrate a linear relationship.
5. a. r* = 0.601, r = 0.775. 60% of the variation in SBP (¥) is explained by AGE (X).
b. (0.504, 0.907). Since p = 0 is not included in the interval, we reject Hy: p = 0 g
a = 0.01.
7. a. = 0.1853, r = 0.430. 19% of the variation in SBP (¥) is explained by AGE (X),
b. T = 2.02; Critical value: 50975 = 2.101. At @ = 0.05, since |T| < critical value, we !
would not reject Hy,.
¢. (—=0.015, 0.733). Since p = 0 is included in the interval, we do not reject Hy: p = 0 g
a = (.05,
9. a. # = 09101, r = 0.954. 91% of the variation in Y is explained by X.
b. T'= 13.49; Critical value: 150475 = 2.101. At @ = 0.05, since |T| > critical value, we
would reject H,,.
c. (0.885, 0.982). Since p = 0 is not included in the interval, we reject Hy: p = 0 at
a = 0.05.
11, a. # =09728,r = (.986, s0 98% of the variation in Y, is explained by X,
b. T = 24.640; Critical value: #7975 = 2.110. At e = 0.05, since | 7] > critical value, we
would reject Hy.
c. (0.963, 0.995). Since p = 0 is not included in the interval, we reject Hy: p = 0 at
a = (.05
13. a. r=0971
b. (0.813, 0.996). Since p
a = 0.05.
15. Z = 3.62; Critical value = 1.96. Since |Z| is > critical value, we reject the null hypothesis.
17. a. ¥* = 0.9558, r = 0.978. 96% of the variation in ¥ is explained by X. *includes 16th obs.
i b. T = 17.424; Critical value: #4045 = 2.145. At & = 0.05, we would reject Hy,.

c. (0936, 0.993). Since p = 0 is not included in the interval, we reject Hy: p = 0 at
a = (.05,

19. a. # = 0.03 10, r = —0.176. 3% of the variation in ¥ is explained by X,
. T'=0.759, Critical value: t5 5975 = 2.101. At & = 0.05, we would not reject H,.
¢ (—0.574, 0.289). Since p = 0 is included in the interval, we do not reject Hy: p = 0 at
a = 0.05,
21. a. ¥ = 0.9813,r = 0.991. 989% of the variation in Y is explained by X.
b. T = 55.088; Critical value: £35,6,5 = 2.0. At & = 0.05, we would reject H,.

c. (0.985, 0.995). Since p = 0 is not included in the interval, we reject Hy: p = 0 at
a = (.05,

23. a. £ = 0.9044, r = 0.951. 90% of the variation in ¥ is explained by X.
| b, T'= 6.153; Critical value: 4975 = 2.776. At & = 0.05, we wouild reject Hy,.

c. (0.611, 0.995). Since p = 0 is not included in the interval, we reject Hy: p
a = (.05

=2

0 is not included in the interval, we reject Hy: p = 0 at

=

0 at

il
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25. a. ¥ = 0.2207, r = 0.470. 22% of the variation in ¥ is explained by X.
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b. T = 2.608; Critical value: ty40075 = 2.064. At o = 0.05, we would reject Hy,.
c. (0.101, 0.725). Since p = 0 is not included in the interval, we reject Hy: p = 0 at

a = 0.05.
Chapter 7
1. a. (I) df | Sum of Squares Mean Sum of Squares F
Regression 1 6.0785 6.0785 26.18
Residual 9 2.0896 0.2322
10 8.1681
a. (2) d.f. Sum of Squares Mean Sum of Squares F
Regression I 42211 42211 5355.59
Residual 9 0.0071 0.0008
10 42282

b. (1) Hy 8, =0

reject Hy at e = 0.05.

b. (2) H:B8,=0

reject Hyat e = 0.05.

H,: B, # 0, Critical value: F| 5495 = 5.12. Since 26,18 > 5.12, we

H,: B, # 0, Critical value: F) 995 = 5.12. Since 5355.59 > 5.12, we

5. a. d.f. | Sum of Squares Mean Sum of Squares F
Regression 1 450.8673 450.8673 4.09
Residual 18 1982.9141 110.1619
19 2433.7814
b. Hy: 8, =0  Hy B # 0; Critical value: F 15095 = 4.41. 4.09 < 4,41, so we do not

reject Hy at o0 = 0.05.

c. T? = (2.023)* = 4.09. The values are the same.
d. The hypotheses for each test are equivalent. As mentioned in the text, the F statistic and
T'statistic are equivalent after squaring T Using the information that the tests of hypothe-
ses are equivalent (as are the test statistics), one may infer that the resulting P-values for
each test should also be equivalent.

9. a df. Sum of Squares Mean Sum of Squares F
Regression 1 76858486.06 76858486.06 60.76
Residual 28 35419546.54 1264983.00

29 112278032.60
b. Hy: 5, =0 Hy B, # 0; Critical value: F| 5595 = 4.20.
Since 60.76 > 4.20, we reject Hy at & = 0.05.

13. a. d.f. | Sum of Squares Mean Sum of Squares F
Regression 1 12846354 12846354 302.99
Residual 14 593585 42399

15 134399939
b. Hy: B, =0  Hy: B # 0; Critical value: F, 14405 = 4.60




858  Appendix C Appendix—Answers to Selected Problems

Since 302.99 > 4.60, we would reject H, and conclude that there is a significant lineay
relationship of Yon X at & = 0.05.

17. a. df. | Sum of Squares Mean Sum of Squares F
Regression 1 177.5297 177.5297 3045.56
Residual 58 3.3809 0.0583

59 180.9106

b. Hy: B, =0 Hy By # 0, Critical value: F; 53095 = 4.00. Since 3045.56 > 4,00, we
reject Hy at e = 0.05.

21. a. d.f. | Sum of Squares Mean Sum of Squares F
f Regression 1 132.6203 132.6203 6.80
i Residual 24 468.3412 19.5142
| 25 600.9615
b. Hy: B, =0 Hy B, # 0; Critical value: F) 55595 = 4.26. Since 6.80 > 4.26, we reject
Hyate = 0.05.
Chapter 8

Loai?=145771 i ¥=135825 iii ¥ = 141475
As QUET increases from 3.0 to 3.5, average SBP increases by an estimated 4.296 points,
from 141.47‘5 to 145.771.
b. SBP on AGE: R? = 0.601; SBP on AGE and SMK: R? = 0.730; SBP on AGE, SMK,
and QUET: R* = 0.761.
The model using AGE and SMK to predict SBP appears to be the best choice.

o 5. a. df. Sum of Squares Mean Sum of Squares F
Regression 3 25974.40 8658.00 : 80.87
Residual 21 2248.23 107.06
Total 24 2822263

b. R?* = 0.920. There is a strong positive linear relationship between education resources
and student performance.
9. a. As temperature increases from 20 to 25, the average oxygen consumption increases by
an estimated 0.197 units.
b. As weight increases from 0.25 to 0.5, the average oxygen consumgption increases by an
estimated 0.148 units.
c. i R*=0019 i ®*=0814 iii R*=0943
13. a. ¥ = 6.874 — 0.004X, — 0.234X, b. ¥ = 3.734
¢. R?* = 0.553. The model explains about half of the variation in Yield (¥). The model has 2
limited ability to predict the yield for a company using 1989 ranking and P-E ratjo as pre-
dictors.
15. a. ¥ = 130.468 + 0.089 zooplankton — 0.025 phytoplankton
b. R* = 0.1332. The model fit is poor.
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Chapter 9
l.a.i HgB8, =0 HgpB #0Fullmodel: Y=08;+ B X +E)

F(X ()30 = 45.18, P = 0.0001. At & = 0.05, we reject H,.
ii HyB,=B8,=0 HatleastoneB; #0(i =1,2)
(Full model: ¥ = B, + B, X, + B.X; + E)
F(X,, X5)200 = 39.16, P < 0.0001. At & = 0.05, we reject Hy,.
i HyBy=B=p=0 HyatleastoneB; # 0 (i = 1,2, 3)
(Full model ¥ == 8, + B, X, + B.X; + B:X; + E).
F(X,, Xp, X3)328 = 29.71, P < 0.0001. At @ = 0,05, we reject Ho.

. One would choose the parsimonious model tested in (a(i)).
i HypBy=0 HipB # 0(Fullmodel: Y =06+ B8X, +E)

F(X|)40 = 040, P > 0.25. At o = 0.05, we do not reject Hy.
it HyB,=0 HypB,# 0(Fullmodel: ¥ =5 + B.X; + E)

F(Xph a0 = 0.19, P > 0.25. At a = 0.05, we do not reject H,.
iii Hypy=0 Hy By # 0Full model: ¥ = By + B:Xy + E)

F(X3) a0 = 7.58, P = 0.009. At o = 0.05, we reject Hy.

. Hy: By =B,=B3=0 H,atleastoneB; # 0(i = 1,2,3)

(Full mOdel: Y= BD + B1X1 + BzXz + BsXa + E)
F(X,, X2 X3)33g = 2.74, 0.05 < P < 0.10. At o = 0.05, we do not reject Hy,.

L Hy: By =Bs=0 H,atleastone 8; # 0{i = 4, 5)

(Full model: ¥ = By + B.X, + B.X; + B3X5 + B,.X, X5 + 8:X:X; + E)
F(X1X3, X2X3 1 X], Xz, X})’Z,}G = 0.362, P>025 Ata= 0-05, we do not rejeCt Ho.

VHy B3 =0 #H, By # 0(Full model ¥ = By + B1X, + BXs + B3X; + E).

F(X3 | Xl’ X2)3'33 - 6.85, 001 <P <0.025. Ata = 0-05, we I'eject Ho.

. X5 is associated with Y, but the other two independent variables are not.
a HyB,=8,=0 H,atleastone B, # 0(i = 1, 2)

(Full model: ¥ = By + 8,X; + B.X; + E)
F(X|, X5)34 = 20.03, P = 0.0082. At o = 0.05, we reject H,.

i Hy B =0 Hy B #0inthemodel ¥ = 8, + B,X, + E.

F(X s = 40.06, P = 0.0032. At = 0.05, we reject Hy. Note: We use the residual
MS from the largest model. See Section 9.5.2.

ifi Hpyf,=0 HyupB,#OinthemodelY=gy,+ B X, +8.X; +E
F(X; 1 X)) 4= 001, P = 09344, At a = 0.05, we do not reject Hy,

i HyB=0 HgB #0inthemodel Y =g, + 8:X; + E.

F(X)) 5 = 37.83,0.001 < P < 0.005. At o = 0.05, we reject H,.
i HyBi =0 HygpBy+0(Fullmodel: Y =8, + B,X, + B.X, + E)
FX| | X214 = 9.80, P = 0.0352. At @ = 0.05, we reject H,.

.Source | dLfL | S8 | Ms | F | R
X | X, 1 1402.315 1402.315 9.8 0.91
X, | X, 1 1.098 1.008 | 001
Residual 4 572.393 143.098

. X, is the only necessary predictor.
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13. a. Hy 3, =B8,=0 Hyatleastone 8, # 0 (i=1,2)
(X, = OWNCOST, X, = URBAN)
(Full model: ¥ = By + B X, + B,X;, + E)
F(X|, X5)203 = 8.52, P = 0017 Ata = 0.03, we reject Hy.
b.i HyB, =0 Hy B # 0 (Full model: ¥ = By + BX, + E)
F(X))124 = 8.84, P = 0.0068. At a = 0.05, we reject H,
’ ii H:B, =0 Hg B, # 0Fullmodel: Y = By + B1Xy + BXot E)
j F(X,| X\)12; = 8.21, P = 0.0088. At @ = 0.05, we reject Ho.
| e.i HyBy=0 Hy B # 0(Full model: ¥ =By + X, + E)
F(X,)120 = 13.17, 0.001 < P < 0.005. At a = 0.05, we reject Hy,
i HypB =0 H,pB, #0(Fullmodel: ¥ = By + B X; + BX;+ E)
F(Xy | Xp)1 23 = 4.42, P = 0.0467. At a = 0.05, we reject H,,.

d. Source | df | S8 | MS | F | R
XX, 1 66.334 66.334 442 0.43
X;| X, 1 123.158 123.158 8.21
Residual 23 345.183 15.008
€. Both predictors are necessary.
Chapter 10

1. a. Age with an r value of 0.7752.
b. i reppsmxiace = 0.568 i rsppquerjace = 0.318
c. Hy: pspesmpiace = 0 Ha' pspesmxiace * O
F(SMK | AGE), 5o = 13.83, P < 0.001. At & = 0.05, we reject Hy,.
d. Hy: psppqueriacesmk = 0 Ha pspequeriacesmk 7 0
T = 1.91, P = 0.066. At a = 0.05, we do not reject Hy,.
¢, Based on the results for a~d, we find that the following variables (ranked in order of their
significance) helped explain the variation in SBP: (1) AGE, (2) SMK, (3) QUET.
f. stBP(QUET,SMK)lAGE = 0.401
Hy: psepquersmyace = 0 Hy! psepquer.smi)ace * 0
F(QUET, SMK | AGE), ;3 = 9.371, P < 0.001.
The highly significant P-value suggests that both SMK and QUET are important vari-
ables, but there is room for debate since the increase in r* going from model 1, with only
AGE (0.601), to model 3, with all 3 variables ((.761), is small (0.160).
5800 riyy, = 0076 i rfyy, = 0.214.
ii r%xﬂ x, = 0.215. The computations are nearly equivalent with the difference
being due to round-off error.
1 b. X; should be considered next for entry into the model because X; has a higher partial cor-
relation than does X;.
i ¢ Ho: pyxx, = 0 Hy pyyyx, # 0
| T; =2.154,0.02 < P < 0.05. Ata = 0.05, we reject H,.
d. rixx, x, = 0.082
Hy prxix,x, = 0 Hyl pyxx,x, # 0
Ty = 1.199, P = 0.248. At a = 0.05, we do not reject H,.

>
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2 —
. ry(xhxznxj = 0279

Hy prxgx, =0 Hal rrxxix, # 0
F(X|, X:X3), 16 = 3.098,0.05 < P < 0.10. At a = 0.05, we do not reject Hy.
Based on the above results, only X3 should be included in the model at & = 0.05.

i HO: pYXw =0 HA: pyxl #0

F(X))y 45 = 0.89, P = 0.35. At = 0.05, we do not reject Hp.
ii H0: Prx, =} HA: Prx, * {0
F(X2)||45 = 19?.58, P < 0.0001. At = 005, we l'eject Ho.

i Hypyxx, = 0 Hy: pyxyx, 7 0

F(X,, X;), 44 = 98.605, P < 0.001. At « = 0.05, we reject Hy.
ii HQ: pYX2=X| =0 HA: pyxﬂx‘ # 0
F(X5|X )40 = 709.641, P < 0.001. At o = 0.05, we reject Hy.

. Both X, and X, should be included in the model with X, being more important than X,.
crdixox = 0909 by iy, = - V0.002 = ~0.045

. ryxdxz =V 0710 = 0.843

« Hy: pyx,x, = 0 Hy: pyx,x, # 0

T, = —0.09, P > 0.90. At a = 0.05, we do not reject Hy,

N Ho: pYX[|X2 = O HA: pYX:sz 0

T, = 3.131,0.02 < P < 0.05. At = 0.05, we reject Hy.
X, should be included in the model, while X, should not be included.

' r?’lx..xz = 0.426 b. ryy,x, = — V0263 = —0.513
. ryxx, = # V0161 = -0.401
cHo poix, =0 Hypyxx, # 0

Ty, = —2.865,0.001 < P < 0.01. At = 0.05, we reject H,.

N HD:pY)(',le:O HA:p}’XﬂXz:/:O

Ty; = —2.1,0.02 < P < 0.05. At = 0.05, we reject H,
Both variables should be included in the model with X; being the more important pre-
dictor of ¥.

Chapter 11

1. a.
b.

WGT = 8, + BHGT + B,AGE + B,AGE> + E

f%l does not change when either AGE or AGE? are removed from the model. However, f%l
changes “significantly” when both AGE and AGE? are removed from the model. Thus,
there is confounding due to AGE and AGE~.

. AGE? can be dropped from the model because Bl does not change significantly.
. AGE? should not be retained in the model, because the 95% CI for B, is narrower when

AGE? is absent from the model.

. Considering the change in Bs and the width of the 95% CI, the final model should be

WGT = B, + B,HGT + B,AGE + E.
Revise the initial model as
WGT = B, + BHGT + B,AGE + B;AGE? + B,HGT*AGE + BsHGT*AGE’ + E.

. We would test for interaction by performing a multiple-partial F test for Hy: 84 = Bs = 0.

If this test proved significant, we would perform separate partial F tests to assess
HD: ﬁ4 = Qand Ho: Bs ={.
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3. a. There is no confounding due to X, because 3, does not change when X; is removed from
the model.
b rx, = 0265 ryxy, = V0.5 = 0.707
Since the two correlation coefficients are significantly different, we conclude that con-
founding exists.
¢. The conclusions for confounding depend on the definition of confounding.
d. Since Hy: 3; = Qs rejected (P = (.0005), we conclude that confounding exists, which
is contradictory to part (a).
5.a.i Hyp =0 H:B; #0 F(X))40 = 0.4, P = 0.528. At o = 0.05, we do

b

not reject Hy.

ii Hyp,=0 Hi: B, #0 F(X5) 140 = 0.19, P = 0.669. At a = 0.05, we do
not reject H,.

iii HyB,=0 Hi:B,#0 F(X3)140 = 7.58, P = 0.009. At & = 005, we
reject Hy.

F

HO:BE 232:33:0 HA:AtleaStoﬂeB,'#:O(i: 1,2,3)
F(X,, X5, X3)a33 = 2.737,0.05 < P < 0.1. At a = 0.05, we do not reject H,.
Ho: prxxxixng = 0 Hyl prxxxy 1 xxx # 0
F(X\ X5, X,X31X), X,, X3)236 = 0.362, P > 0.25. At a = 0.05, we do not reject H,,
The two regression lines are parallel.
d. Hy: pyx,ix,x, = 0 Hy: pyx,ixx, ¥ 0
F(X3]X,, X3)13z = 6.855, P = 0.014, At e = 0.03, we do not reject H,
First fit the full model

Y =By + BX| +BXo + 8%+ E (1)
Next, fit the reduced models

Y=0y+BX + 8% +E (2

Y=0+ X +BX+E (3)

Y=0+BX+E 4
We assess confounding by noting how f%3 changes for the different models. In particu-
lar, if ﬁ3 from model (2), (3), or (4) differs from é;; from model (1), then X, X,, or X, and
X,, respectively, are confounders. To assess precision, we note how the 100(1 — &)%
CY’s for B; change. We only eliminate potential confounders from the model if the width
of the CI for 33 does not widen significantly.

f. From the information provided, we can assess the confounding effects of X or X, alone
with respect to X; but not for X, and X, taken together.

i 7. a. No, there is no meaningful change in the estimate for 3, when X, is added to the model.
} b. No, the confidence interval for Bl is narrower when only X, is in the model.
¢. No, there is not evidence suggesting that including X, to the model improves the preci-
sion and/or the validity of the estimated relationship between X; and ¥,
Let OWNCOST = X, and INCOME = X,
Hy B =8,=0 H,: at least one B; does not equal 0.
(Full model: ¥ = 8, + B1X; + B.X; + E)
F(X\, X5)5 53 = 6.38, P = 0.006. At @ = 0.05, we reject H,.
b. Hy: B =0  Hy: g # 0(Fullmodel: Y = B, + B8,X, + B,X, + E)
F(X,|X5)1 23 = 11.47, P = 0.003. At a = 0.05, we reject H,.
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