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TABLE 12.6

Weight loss, exposure time,
and relative humidity data

EXAMPLE 12.5

Weight Exposure
Loss, ¥ Time, Xy Relative
- (pounds) (hours) Humidity, x:

4.3 4 20
5.5 5 20
6.8 6 20
8.0 7 20
4.0 4 30
52 5 30
6.6 6 30
75 7 30
2.0 4 40
40 5 40
57 6 40
6.5 7 A0

An experiment was conducted to investigate the weight loss of a compound for g
ferent amounts of time the compound was exposed to the air. Additional inforp
tion was also available on the humidity of the environment during exposute. Th
complete data are presented in Table 12.6. B

&. Set up the normal equations for this regression probiem if the assuf
model! is

y=Bo+ Bix1t+ Baxa t 8
where x, is exposure time and x3 is relative humidity.

b. Use the computer output shown here to determine the least-squa
estimates of Bq, B1, and Ba. P];edict weight loss for 6.5 hours of ex
and a relative humidity of .35.

QUTPUT FOR EXAMPLE 12 -]

OBS WT_LOSS TIME HUMID

1 4.3 4.0 0.20
2 5.5 5.0 0.20
3 6.8 6.0 0.20
4 8.0 7.0 0.20
5 4.0 4.0 0.30
6 5.2 5.0 0.30
7 6.6 6.0 0.30
8 7.5 7.0 0.30
9 2.0 4.0 0.40

10 4.0 5.0 0.40

11 5.7 6.0 0.40

12 6.5 7.0 0.40

13 6.5 0.35

pependent Variable: Wr_LOSs — WEIGHT 1088 .




12.3 Estimating Multiple Regression Coefficicnts 6FF

mnalysis of variance

‘} Sum of Mean
Source DF Squares Sguare F Value Pxrob>F
Model 2 31.12417 15.56208 104.133 0.0001
Error 9 1.34500- 0.14944
C Total 11 32.46917
Root MSE 0.38658 R-aguare 0.9586
Dep Mean. 5.50833 Adj R-sq 0.9494
¢V, 7.01810
Parameter Estimates
Parameter Standard T for HO:
variable DF Estimate . Error Parametex=0 Prob > |T|
INTERCEFP 1 0.6§§667 0.6942321%9 0.960 ¢.3620 ; 
TIME 1 17316667  0.09981464 13.191 0.0001 |
HUMID 1 -g;000000  1.3667682% -5.853 0,0002 i
OBS WT_LOSS PRED RESID L9SMERN U95MEAN 3
1 4.3 4.33333 -0.03333 3.80985 4,85682
2 5.5 E.65000 -0.15000 5,23519 6.06481
3 6.8 6.96667 ~0.16667 6.5518% 7.38148
4 8.0 8.2B8333 ~-0.28333 7.75985 8.80682
5 4.0 3.53333 0.46667 3.11091 3.95576
3 5.2 4.85000 {.35000 4.57348 5.12654
7 £.6 6.16667 C.43332 5.89012° 6,44321
8 7.5 7.48333 0.01667 7.06091 7.90576
9 . 2.0 2.73333 ~0.73333 2.20985 3.25682
10 4.0 4.,05000 -0.0500¢ 3.6351% 4.46481
11 5.7 5.36667 .33333 4.95185 5.76148
12 6.5 6.68333 -0.18333 6.15985 7.20682
13 6.42500 6.05269  6.79731
gum of Residuals 0
Sum of Squared Regiduals 1.3450 g
predicted Resid SS (Presa) 2.6123

Solution”

a. The three normal equatioﬁs for this model are shown in Table 12.7.

TABLE 12.7 N B -
Normal equations i By b ¥

for Example 12.5 1 Zy; ”.éo + 2 xn.él + 2 szﬁz
Xi Txpy o= Z inBD + = xr?l.él + 2 xnxrsz
Xi Zxpy = 2 xrzBo + Z x,\zx,-lfil + = x?*z.éz

i

For these data, we have
ja-yj 66.10 :2:1%1 = 66 :§11&2:= 3.60
N xy; = 3833 > xgy; = 1919 > xaxn = 19.8

S x =378 S 4

1.16
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Substituting these values into the normal equation yields the result

shown here: Fit
66.1 = 128, + 668, + 3.606,
3833 = 6683, + 3788, + 19.85,

19.19 = 3.68, + 1988, + 1168,

» b, The normal equations of part (a) could be solved to determine Bo, B N
and $3,. The solution would agree with that shown here in the output,

The least-squares prediction equation is

= 0.667 + 1.317x, — 8.000x,

where x, is exposure time and x; is relative humidity. Substituting x; = 6
and x; = .35, we have )

§ = 0.667 + 1.317(6.5) — 8.000(.35) = 6.428

This value agrees with the predicted value shown as observation 13 in th
output, except for rounding errors. :

There are many software programs that provide the calculations to ob
least-squares estimates for parameters in the general linear model (and hence
multiple regression). The output of such programs typically has a list of varial
names, together with the estimated partial slopes, labeled COEFFICIENTS
ESTIMATES or PARAMETERS). The intercept term B, s usually called IN
CEPT {or CONSTANTY); sometimes it is shown along with the slopes but with
variable name,

A kinesiologist is investigating measures of the physical fitness of persons ent
ing 10-kilometer races. A major component of overall fitness is cardiores

capacity as measured by maximal oxygen uptake. Direct measurement of maii
oxygen is expensive, and thus is difficult to apply to large groups of individ
a timely fashion. The researcher wanted to determine if a prediction of ma
oxygen uptake can be obtained from a prediction equation using casily med
explanatory variables from the runners. In a preliminary study, the kinesid
randomly selects SO males and obtains the following data for the variables

If

y = maximal oxygen uptake (in liters per minute)

X1

weight (in kilograms)

X; = age (in years)

x3 = time necessary to walk | mile (in minutes)

x4 = heart rate at end of the walk (in beats per minute)

The data shown in Table 12.8 were simulated from a model that is consist
information given in the article “Validation of the Rockport Fitness Walki
in College Males and Females," Research Quarterly for Exercise and 5p
152-158.




