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518 CHAPTER1S MU

Example 15.6

LTIPLE LINEAR REGRESSION

8. 1w

How can we tell if adding (or removing) a certain set of X variabies causes 2
significant increase (or decrease) in R??

The Partial F Test

Consider the situation in which the personnel director is trying to determine whether
to retain three variables (Xe» X7 Xg) as predictors of a person’s periormance on a
CPA exam. We know one thing—R? will be higher with these three varzbles included
in the model. If we do not observe a significant increase, however, our advice would

be to remove these yariables from the analysis. To determine the extent oi this increase,

we use another F test.
We define two models—one contains Xe X7 Xs and one does not

Complete model: uses all predictor variables, including X, X7, and s
Reduced model: Uses the same predictor variables as the complete nodel except

Xe X5, and Xa
Also, let
R? = the value of R? for the complete model
R? = the value of R? for the reduced model

Do X, X7 and Xg contribute to the prediction of ¥? We will test

HyBs=B7 =P8 = 0 (they do not)
H,: at least one of the p's # O (at least one of them does)

The test statistic here is
(RZ — RAIv g S
et " | (15-15)

where v, = number of p’s in Ho. andv, =n — 1~ (number of X3 in the complete
model). .

For this illustration, v1 = 3 because there are three R’s contained in H,. Assuming
that there are eight variables in the complete model, thenv, = n =1 — g§=n-—
9. Here, n is the total number of observations (rows) in your dac. This F statistic
measures the partial effect of these three variables; it is a partial F statistic.

Equation 15-15 resembles the F statistic given in equation 15-14 which we used
to test H: all p’s = 0. Ifall the B's are zero, then the reduced model consists of only
2 constant term and the resulting RZ will be zero; that s, RZ = 0. Setting R? = 0 in
equation 15-15 produces equation 15-14, wherev, = kand vy =7 — E- L1

These variables (as a group) contribute significantly if the computed partial F value
in equation 15-15 exceeds Fa v from Table A-T.

The persom}el director gathered data from 30 individuals using il eight of the inde-
pendent. variables. These data were entered into a computer, ard a multiple lineat
regression analysis was performed. The resulting RZ was .857.

Next, variables Xg, X7, and X, were omitted, and a second regression analysis was

performed. The resulting R 2 was .824. Dothe variables Xg, X7, and X (height, weight,
and age) appear to have any predictive ability? Use o = .10.

bt
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o
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X

v
4
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15.3 DETERMINING THE PREDICTIVE ABILITY OF

Example 15.7

Figure 15.7

CERTAIN INDEPENDENT VARIABLES 519

Solution Here, n = 30 and

R? = .857 (complete model)
R?
Based on the previous discussion,
_ (.857 — .824)/3
1 — .857)/(30 — 1 —8)
.033/3
.143/21
= 1.61

The procedure is to reject Ho: Bg = B;=PBs =0 if F* > F 103,20 = 2-36. The
computed F value does not exceed the table value, so we fail to reject H,. We conclude
that these variables should be removed from the analysis because including them in

the model fails to produce a significantly larger R @

i

824 (reduced model)

the value of the partial F' statistic is

The partial F' test also can be used to determine the effect of adding a single variable

to the model.
termine whether X, = family

Using the real-estate data analyzed in example 15.2, de
size contributes to the prediction of home size, given that X; = income and X3 =
years of education are included in the model. Use 2 significance level of e = .10.

Solution We will test the hypotheses
Hg B, = 0 (f X, and Xj are included)
H,: B, # 0.
The complete mode! uses X3, X, and X5. Using Figure 15.4,

MINITAB ou:pwt using
X, = income and X3 =
years of egucaion as
predictors.

RZ? = .905
The reduced model uses X; and X3 only. Figure 15.7 shows the MINITAB output for
this, and
R? = .801
MTB > REGRESS Y IN C1 USING 2 PREDICTORS IN C2, G4 =—Xj
The regression equation is {—-—X,
€1 = 10.5 + 0.373 €2 - 0.494 C4
Predictor Coel Stdev t-ratio
Constant 10.465 3.148 3.32
c2 0.37315 0.07168 5.21
Ci -0.4938 0.2787 A7

s = 2.735 --—Rz k-sq(mdj) = 74.4%

Analysis of Variance

SOURGE DF 55 Ms
Regression 2 210.06 105.02
Error 7 52.34 7.48
Total 9 262.40

Pt el 1
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Following is an example f£rom Polit’s book Page 260.

-> get file='d:\stat601.14\p260.sav'.

-> list wvariables=all.

SUBJECT

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

00 ~J Oy b W n)

e e el el il = B S e gt
CWOTAU R WNEOW

GPA_U

(% BRGSO [ O [ WS S N 'S [N G P T % I S Y G T P I N T P G O U P 08 |

.40
.10
.70
.20
.50
.90
.30
53
.40
.20
.70
.00
.10
.70
.90
.50
.10
.90
.20
.40

GRE_V

600.
510.
650.
.00
.00
540.
530.
540.
.00

530
610

550

700.
630.
480.
530.
580.
710.
500.
490.
560.
550.
600.

Number of cases read:

compute white=0.

compute africa=0.

compute hispanic=0.

if (group=l)white=1.

if (group=2)africa=1.

00
00
00

00
00
00

g0
00
00
00
00
00
00
00
00
00
00

20

if (group=3)hispanic=1.

GRE_Q

540.
480 .
710.
450.
500.
.00
510.
600.
580.
630.
700.
.00
.00
.00
660.
480.
510.
540.
590.
550.

620

4380
520
610

Number of

00
00
00
00
00

00
00
00
00
00

00
00
00
00
00
00

MOTIV

7
70.
85.
60.
.00
.00

90
60

75
55
75
65..
80.
.00

Fi

60.
65.
80.
75.
60.
85,
65.
.00

70

00
00
00
00

00
00
00
00
00

00
00
00
00
00
00
00

GPA_G

3.60
3.00
3.90
.80
.70
.60
.40
.70
+ 30
.50
.60
.80
.00
.50
.80
.20
.40
-0
.10
.60

Wold W Wk W W Ww kWb W

%]

L W

cases listed:

freq var=group,white to africa, finish.

20

GROUP

B DWW W W WR NN RN R e s

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

g.:]

FINISH

=t

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



GROUP race

Value Label

white
african-american
hispanic

other

Valid cases

vValue

.00
.00
.00
.00

ISV X =

Total

20 Missing cases

Frequency Percent

Valid
Percent

2540
25.0
25.0
25.0

S (&

Cum
Percent

25.0
50.0
75.0
100.0

WHITE

Value Label

Valid cases

Value

.00
1.00

Total

20 Missing cases

Frequency Percent

Cum
Percent

75.0
100.0

AFRICA

Value Label

vValid cases

Value

.00
1.00

Total

20 Missing cases

Frequency Percent

Valid
Percent

75.0

Cum
Percent

75.0
100.0



g

A

FINISH Finish Grad School
valid Cum
Value Label Value Freguency Percent Percent Percent
no .00 8 40.0 40.0 40.0
ves 1.00 12 60.0 60.0 100.0
Total 20 100.0 100.0
Valid cases 20 Missing cases 0
-> oneway gpa_g by group(l,4)/statistics=all.
- ---- ONEWAY - - - - -
Variable GPA_G Graduate GPA
By Variable GROUP race
Analysis of Variance
Sum of Mean F F
Source D.F. Squares Scuares Ratio Prob.
Between Groups 3 .5460 .1820 .9180 .4544
Within Groups 16 3.1720 .1983
Total 19 3.7180
Standard Standard
Group Count Mean Deviation Error 95 Pct Conf Int for
white B 3.4000 L4743 .2121 2.8110 TO 3
african- 5 3.1000 .4183 .1871 2.5806 TO 3
hispanic 5 3.3400 L4219 .1887 2.8161 TO 3
other 5 3.0000 L4637 .2074 2.4243 TO 3
Total 20 3.2100 L4424 ..0989 3.0030 TO 3
Fixed Effects Model .4453 .0996 2.998% to 3
Random Effects Model .0996 2.8932 to 3

Warning - between component variance is negative

It was replaced by 0.0 in computing above Random Effects Measures

Random Effects Model - estimate of between component variance

-3.25E-03

Mean

.9890
.6194
.8639
.5757
L4170
L4211

.5268



GROUP MINIMUM MAXTIMUM

white 2.8000 3.9000

african- 2.6000 3.5000

hispanic 2.8000 3.8000

other 2.4000 3.6000

TOTAL 2.4000 3.9000

Levene Test for Homogeneity of Variances

Statistic dfl df2 2-tail Sig.

.0823 3 16 .969

ANOVA VB

-> regression variables=gpa_g white africa hispanic/

—>

Listwise

Equation

Block Number

Variable(s)

dependent=gpa_g/enter white africa hispanic.

xR X MULTIUPLE REGRESSION ol

Deletion of Missing Data

Number 1 Dependent Variable.. GPA_G Graduate GPA

1. Method: Enter WHITE AFRICA HISPANIC

Entered on Step Number

A HISPANIC

i = AFRICA

Fox u WHITE
Multiple R .38321
R Square .14685
Adjusted R Square -.01311
Standard Error .44525
Analysis of Variance

DF Sum of Squares Mean Sguare
Regression 3 .54600 .18200
Residual 16 3.17200 .19825 -
A aw
F o= 191803 Signif F = 4544 e Covmpdnt ¥
vow/ ﬂ?“”j

—————————————————— Variables in the Equation - ———————--#————————
Variable B SE B Beta T Sig T
WHITE .400000 .281603 .401718 1.420 .1747
AFRICA .100000 .281603 .100429 .355 ,7271
HISPANIC .340000 .281603 .341460 1.207 .2448
(Constant) 3.000000 .199123 15.066 .0000
End Block Number 1 All requested variables entered.

pul o Py
VA

ANO
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| ¢ >

-> regression variables=gpa_u gre_v gre_q motiv gpa_g/ . Lf' i
-> statistics=default,cha/ VA L B (W
> dependent=gpa_g/enter gpa_u gre_v gre_q motiv. é‘ (}fﬂla-@i#)ﬁﬁ ﬁgﬁru.se g

f%LUAAQ

sk ok & MULTTIZPLE REGRESSION LA A

Listwise Deletion of Missing Data
Equation Number 1 Dependent Variable.. GPA_G Graduate GPA

Block Number 1. Method: Enter GPA_U GRE_V GRE_OQ MOTIV

Variable(s) Entered on Step Number

1.. MOTIV Movitation

2.. GRE_Q GRE-Quant

3. . GRE_V GRE-Verbal

4., GPA_U Undergrad GPA
Multiple R .94062
R Sqguare .8847¢6 R Square Change .88476
Adjusted R Square .85403 F Change 28.79035
Standard Error .16901 Signif F Change .0000

Analysis of Variance

DF Sum of Sqguares Mean Square
Regression 4 3.28953 .82238
Residual 15 .42847 .02856
F = 28.79035 Signif ¥ = .0000

Variable B SE B Beta T Sig T
GPA_U .540282 .224071 .362042 2.411 .0292
GRE_V .003191 9.5846E-04 .469534 3.329 .0046
GRE_Q -5.81444E-04 7.4875E-04 -.098479 -.777 .4495
MOTIV .015213 .005803 .341521 2.622 .0192
{Constant) -1.126417 .450169 -2.502 .0244

End Block Number 1 All requested variables entered.



grr

6
-> regression variables=gpa_u gre_v gre_g motiv gpa_g/ - ﬁl . ‘,Q
< statistics=default,cha/ H 10 y@ew o ¢ ) '-\./
— dependent=gpa_g/enter a_u motiv/enter gre_v gre_d. g0 el 83
D gpa_g gpa_ gre_v gre_q W "L&Lf)fc V7, ﬁv{ :
FOoR Rk MULTIUPLE REGRESSION g F
ixcawwihx_ e -\// 511f,_4
Listwise Deletion of Missing Data @{/P b,t.. AP S/fﬁ' "'ﬂ
Equation Number 1 Dependent Variable.. GPA_G Graduate GPA ﬁv/
é(»"l-*..'h‘v[f , ‘f‘j 'r
Block Number 1. Method: Enter GPA_U MOTIV

h«J%tl/, ;y¢pg,.bt

Variable(s) Entered on Step Number

[ - MOTIV Movitation

. GPA_U Undergrad GPA
Multiple R .88334
R Square .78029 R Square Change .78029
adjusted R Sqguare .75444 F Change 30.18656
Standard Error .21921 Signif F Change .0000

Analysis of Variance

DF Sum of Sguares Mean Sgquare
Regression p N 2.90110 1.45055
Residual 17 .81690 .04805
F = 30.18656 ‘Signif F = .0000

—————————————————— Variables in the Equation -------—----—--———-—-

Variable B SE B Beta T Sig T
GPA_U .924207 .246158 .619309 3.755 .0016
MOTIV .014461 .007348 .324641 1.968 .0656
(Constant) -.853166 .568086 -1.502 .1515

————————————— Variables not in the Equation -------------

Variable Beta In Partial Min Toler T Sig T
GRE_V .402688 .674100 .349125 3.650 .0022
GRE_Q .159262 .296466 .376611 1.242 .2322

End Block Number 1 2ll requested variables entered.
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