Lesson 10: MLR: Using the F-test

Nicky Wakim
2025-02-10



Learning Objectives

1. Understand the use of the general F-test and interpret what it measures.
2. Understand the context of the Overall F-test, conduct the needed hypothesis test, and interpret the results.
3. Understand the context of the single covariate/coefficient F-test, conduct the needed hypothesis test, and

interpret the results.
4. Understand the context of the group of covariates/coefficients F-test, conduct the needed hypothesis test,

and interpret the results.
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Let’s map that to our regression analysis process

Model Selection Model Fitting

Find best fit line € Evaluation of model fTﬁ -

Using OLS in this class e Testing model assumptions

¢ Building a model

e Selecting variables

¢ Predictionvs
interpretation

e Comparing potential
models

Parameter estimation Residuals

Categorical covariates Transformations

Interactions Influential points

Multicollinearity

Model Use (Inference)

E Inference for coefficients —-\’ e Inference for expected Y given X

e Hypothesis testing for coefficients ==
E—
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Learning Objectives

2. Understand the context of the Overall F-test, conduct the needed hypothesis test, and interpret the results.

3. Understand the context of the single covariate/coefficient F-test, conduct the needed hypothesis test, and
interpret the results.

4. Understand the context of the group of covariates/coefficients F-test, conduct the needed hypothesis test,
and interpret the results.
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We must revisit our dear friend, the F-test!
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Remember from Lesson 5: F-test vs. t-test for the population slope
The square of a t-distribution with d f = vis an F-distributionwithdf = 1, v g LR

@’Fl,y

* We can use either F-test or t-test to run the following hypothesis test:

H()!ﬁlzo
vs. Hyq: 81 #0

e Note that the F-test does not support one-sided alternative tests, but the t-test does!

Lesson 10: MLR 2



Remember from Lesson 5: Planting a seed about the F-test
We can think about the hypothesis test for the slope...

Alternative H;

B1=0 B1#0

in a slightly different way...

Alternative mode

e Y =05)+¢€ oY =080+ b1 X +¢€
e Smaller (reduced) model e Larger (full) model

e In multiple linear regression, we can start using this framework to test multiple coefficient parameters at once
= Decide whether or not to reject the smaller reduced model in favor of the larger full model
= Cannot do this with the t-test!
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We can extend this!!

We can create a hypothesis test for more than one coefficient at a time...

Alternative H;

ﬂl = 0 and/or B9 # 0

—_—

in a slightly different way...

Alternative* model

‘o Smaller (reduced) model

e Larger (full) model
S~—u{’

“This is not quite the alternative, but if we reject the null, then this is the model we move forward with
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Poll Everywhere Question 1
s MT’"FQ‘MO Key In M Which of the followingn X =+ . ’ F - -I_GS -’_

polleverywhere.com = ‘F‘DY S (
s
- fir Ml P\

coef
Which of the following null hypotheses can we NOT test with the F- _ . .
test? Use the following model: Y = By + 81X + B2 X + 83X + NS{‘T] ction;

BsX + € ’\’V\’O"S(M
ctded fesf

(aher Hat #)

Join by Web  PollEv.com/nickywakim275
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Building a very important toolkit: three types of tests

Does the addition of one particular covariate @ha single co.efﬁc@ add significantly to the prediction of Y
achieved by other covariates already present in

emodel? \4 numenc ('ovam'm ha.S' 1 COCF’F

Test for addition of group »f variables’ coefficie:nt (covariate subset test)

S

Does the addition of some group of covariates (or one covariate with multiple coefficients) add significantly to
the prediction of Y achieved by other covariates already present in the model?

cakjowaal,
mul (evel Acovanote : Need s mulkiple coef in  mode L
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Variation: Explained vs. Unexplained

g<°< -r’ 2 n L n ~ L n ~
5 Y W-Y)P=) (V-7 +) (V- V)
\\QJ of__k i=1 i=1 =1

S )
NI SSY = SSR+ SSE
/ — s\'o"‘
Y = the deviation of Y; around the mean Y s’ -
= the total amount deviation o™ Viﬁ@' -

the deviation of tound themeanY
= the arr\10unt deviation explained by the regression at X1, ..., X

oY, — 1/’\; = the deviation of the observation Y around the fitted regression Iine> r‘e S ( M&L S
= the amount deviaticaﬂ unexplained by the regression at X1, ..., X

_— oy LVvors§
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o,
Plot histogram of deviations for LE: = B¢ + B1F LR + €

AN ~
» Code to make the below plots 635(\ )J— LE _ P + F' FLR
SSY ZY Y)? = 64.64
| i _ = fixed
@ Le; - LE
‘ SSR = Zn:(ffi —Y)?=27.24
_ : ~ [ 1=1
) Lg—LE (owel SSE, betrer m;u
Wt
s . @; ZY )2 = 37.39
/‘ Y- LE L \ai\r‘l

/ﬁ)(‘P
' S varia of LE NoI
Voiaing of this 35 vananw Wawﬁ}14



Plot histogram of deviations for LEL = By + 81 F LR + B2 FSH- €

» Code to make the below plots

SSY =) (V; —Y)* = 64.64

= I. | 1=1
Yoy .
SSR = Y Y, —Y)? = 36.39
| __-l-h | ;( )
by ”
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Fixed - 4 \
What did you notice in the plots? SSY =SSR+ SSE

Simple Linear Regression Multiple Linear Regression

SSY = 64.64  * _SSY = 64.64

€

- Y| 0_ V ’ - Y| u_ V ’
@: 9794 - SSR L 36.39
-"—JQOY ! }
SSEL 3739 \ .
o4 )

explaing maove variation
. of LE

count
2 »
8



When running a F-test for linear models...
g i

USRI
( —_
e We need to define a larger, full model (more parameters) LC - B

n
* We need to define a smaller, reduced model (fewer parameterg)"',tc‘

N

+8 FL |0\+[5,FS \’\ (gzo
/E\ /\

e Use the F-statistic to decide whether or not we reject the smaller model

= The F-statistic compares the SSE of each model to determine if the full model explains a significant amount
of additional variance

X : .
ssfw&&- (56 ot . SSE(R) > SSE(F) : blc o.do(m%var\ao\obt. +2 Mmool
I

('\J-’“a)' Can oh odd info or nothiwn

!SE * Numerator measures difference in unexplarned variation between the ( yui
Ia dfr—dfr models nLVey
SSE j— ss& o o 0

dfF = Big difference = added parameters greatly reduce the unexplained tole

variation (increase explained variation) VOWOO%VéW ALoT (nfo

= Smaller difference = added parameters don’t reduce the unexplained OUU‘L%)
W E S‘fuv\olowin,ux variation VAN abL pdds \itle jwh

¢ Take ratio of difference to the unexplained variation in the full model
bYu how mwm P

WQ‘OUS xddid — padance 4 added w/ vamation expla.'w.ci
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Poll Everywhere Question 2

13:38 Mon Feb 10

® Ji Which of the following n X +

c polleverywhere.com

Join by Web  PollEv.com/nickywakim275

Which of the following statements best describes the purpose
of the general linear F-test in statistical analysis?

It can determineiftheéovariates)’namodel OVU"G-IL whure -é-ts

/,
significantly help estima utcome A’l/L CoVa ates
t can determine if the covariates in the mode S , ,
the sum of square errors compared to a reduced model SEV in >0 VV\'OQV‘—”L

/It can de’gerrnlne if the covariates in the model explain SSR 'l n / "_’ f’Qd.MCwL
more variation of the outcome compared to a reduced...

he covariates in the model explain

outcome compared to areduced... SSE& (T ) & CC 6(&1)
Powered by Q Poll Everywhere —>’ g S.R [M)
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We will keep working with the MLR model from last class

New population model for example:

LE = By + B1FLR + BoFS + ¢

-_—

1 # Fit regression model:
2 mrl <- gapm sub %>%
3 (formula = LifeExpectancyYrs ~ FemaleLiteracyRate + FoodSupplykcPPD)
4 (mrl, conf.int=T) %>% () %>% (table.font.size = ) %>%
term estimate std.error statistic p.value conf.low conf.high
(Intercept) 33.595 4.472 7.512 0.000 24.674 42517

FemalelLiteracyRate 0.157 0.032 4.873 0.000 0.093 0.221
FoodSupplykcPPD  0.008 0.002 4.726 0.000 0.005 0.012

Fitted multiple regression model:

LE = By + BiFLR + B5FS
TE = 33.595 + 0.157 FLR -+ 0.008 F'S
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Learning Objectives

1. Understand the use of the general F-test and interpret what it measures.

2. Understand the context of the Overall F-test, conduct the needed hypothesis test, and interpret the results.

3. Understand the context of the single covariate/coefficient F-test, conduct the needed hypothesis test, and
interpret the results.

4. Understand the context of the group of covariates/coefficients F-test, conduct the needed hypothesis test,
and interpret the results.

Lesson 10: MLR 2
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Overall F-test

Does at least one of the covariates/predictors contribute significantly to the prediction of Y?

e For a general population MLR model,

Y_ﬁo@+@xz+...+@ip b B coethicionts

We can create a hypothesis test for all the covariate coefficients...

Alternative H;

Atleastone B; # Offorj =1,2,..., k)

N

T

Null / Smaller / Reduced model
Y =5y +e¢ Y=00+061X1+B2Xo+ ...+ Br X +e

Alternative / Larger / Full model

(nkereept moded

Lesson 10: MLR 2
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13:44 Mon Feb 10

® Linear Models - Lesson X @ Which of the following

& Gy

X |

nwakim.github.io

Overall F-test: general steps for hypothesis test

1. Met underlying LINE assumptions E DP(

2. State the null hypothesis

. Compute the value of the test statistic

The calculated test statistic is
\

K SSE(R)—SSE(F)

—> Ho:p1=p2=...=Bp=0 - dfdfr _ _ MSRpu

—> vs. Hy : Atleast one B; #0,forj=1,2,...,k SS%(F) MSE s
F

3. Specify the significance level.

Oftenweuse a = 0.05

. Calculate the p-value

We are generally calculating: P(F} 1 > F')

——

4. Specify the test statistic and its distribution under 7< Write conclusi:on f T

the null

The test statisti nd follows an F-distribution
with numerator df = k and denominator

df =n—k

covariates)

=0/

— 1. (n = # obversation, k = #

* Rejectif: P(Fypk-1> F) < «

We (reject/fail to reject) the null hypothesis at the
100a% significance level. There is
(sufficient/insufficient) evidence that at least one
predictor’s coefficient is not O (p-value =

Lesson 10: MR(ZFln 2>F) eXPlaﬁtlha \/OLV)OJTT o/q e
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Overall F-test: a word on the conclusion

e If Hyisrejected, we conclude there is sufficient evidence that at least one predictor’s coefficient is different
from zero.

e Same as: at least one independent variable contributes significantly to the prediction of Y

e If Hyis not rejected, we conclude there is insufficient evidence that at least one predictor’s coefficient is
different from zero.

e Same as: Not enough evidence that at least one independent variable contributes significantly to the
predictionof Y J—

Y
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Let’s think about our MLR example for life expectancy

Our proposed population model

LE = By + 6:FLR + B5FS + €

Fitted multiple regression model:

LE = By + B1FLR + B,FS
LE = 33.595 + 0.157 FLR + 0.008 FS

Our main question for the Overall F-test: Is the regression model containing female literacy rate and food supply
useful in estimating countries’ life expectancy?

Null / Smaller / Reduced model Alternative / Larger / Full model

LE =By+¢€ LE =8y+ B1FLR + B2 FS + ¢

Lesson 10: MLR 2
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Comparing the SSY, SSR, and SSE for reduced and full model

e Fit and get augmented values for reduced model:

1 mod redl = gapm sub %>%
2 (formula = LifeExpectancyYrs ~ 1)
3 aug_redl = (mod redl)

e Fit and get augmented values for full model:

1 mod fulll = gapm sub %>%
2 (formula = LifeExpectancyYrs ~ FemaleLiteracyRate + FoodSupplykcPPD)
3 aug_ fulll = (mod fulll)

\- ﬁalculate the deviances for each model:

SS df2 = gapm sub %>% (LifeExpectancyYrs) %>%
(ssy diff rl1 = LifeExpectancyYrs - (LifeExpectancyYrs),
SSR diff rl = aug redls.fitted - (LifeExpectancyYrs),
4 SSE diff rl = aug redl$.resid,
5 SSY diff fl1 = LifeExpectancyYrs - (LifeExpectancyYrs),
6 SSR diff fl1 = aug fullls.fitted - (LifeExpectancyYrs),
7 SSE diff fl1 = aug fulllS.resid)

Lesson 10: MLR 2

26



Comparing the SSY, SSR, and SSE for reduced and full model

Reduced / null model Full / Alternative model
e LE = By + BiFLR + B FS + ¢

— 64.64 SSY = 64.64
= -DJ-._ ) /N - -L/E- = 01:: — B -J-l_ |
== @SQS;z ~0 ’[\ c o —_— SSR = 36.39
. ,@0 e explained
/ @ = SSE — 28.25
. i II VLof @cplai hed

SSE(R)= CY.6Y vs. SSE(RM) =
2LE. 28
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Poll Everywhere Question 3

13:54 Mon Feb 10 e ’>
® Linear Models - Lesso Mt Which of the following X + E N -
C' ® polleverywhere.com 2 coe S (W )

Join by Web  PollEv.com/nickywakim275 :., :' " l e M ac pove
i Vanables, il
ex plain  more OF

For the reduced and full models below, what are possible SSE's for .
each model @ SameL Vo an A
reduced: Ll =5y + B1FLR + ¢

full: LE = By + $LFLR + BoFS + ¢ SSY = SSE + SSR

Powered by @ Poll Everywhere

Lesson 10: MLR 2



So let’s step through our hypothesis test (1/3)

1. Met underlying LINE assumptions

2. State the null hypothesis
\

H(]:
vs. Hy : At least one 81 # O or B2 # 0

3. Specify the significance level

g
: : e
Oftenwe ude a = 0.05 c®

4. Specify the test statistic and its distribution under the null / Xt

The test statistic is F, fnd follows an E-distribution with numerator df = k = 2 and denominator

df @ k—1 2—-1 @n = # obversation, k = # covariates)
L extra or rnter cz,'a'l:
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So let’s step through our hypothesis test (2/3)

5. Compute the value of the test statistic / 6. Calculate the p-value

]

The calculated test statistic is QG\ = %
71"
SSE(R)—SSE(F)
SSE(F)
dfr
- ' ) o W

ORuse ANOVA table: . tidying vp otp
‘ 1( mod_rele \ mod_fulﬁ}) (%>% () 3>% () 3>% (table.font.size =

~—_7* : =

term df sumsq_statistic p.value

&/ — LifeExpectancyYrs ~ 1 NA NA NA NA

44.443) 0.000

-
-

Lesson 10: MLR 2
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So let’s step through our hypothesis test (3/3)

7. Write conclusion for hypothesis test

We reject the null hypothesis at the 5% significance level. There is sufficient evidence that either countries’
female literacy rate or the food supply (or both) contributes significantly to the prediction of life expectancy (p-
value < 0.001).

Lesson 10: MLR 2
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Learning Objectives

1. Understand the use of the general F-test and interpret what it measures.

2. Understand the context of thé Overall F-test, conduct the needed hypothesis test, and interpret the results.

3. Understand the context of tHe single ¢ovariate/coefficient F-test, conduct the needed hypothesis test, and

interpret the results.

4. Understand the context of the group of covariates/coefficients F-test, conduct the needed hypothesis test,

and interpret the results.

Lesson 10: MLR 2
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o -t
Covariate subset test: Single variable w/ et

Does the addition of one particular covariate of interest (a numeric covariate with only one coefficient) add
significantly to the prediction of Y achieved by other covariates already present in the model?

e For a general population MLR model,

Alternative H;
L &i/ \ N — /D\ 4—6\ Y \zC - 2
F=Boxgvs Y =k
Null / Smaller / Reduced model Alternative / Larger / Full model
Y=060+081X1+062Xo% ...+ 08X +e€ Y:/BO+,81X1‘|‘52X2
—_—  — oo+ B X+ €

By gone
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Single covariate F-test: general steps for hypothesis test (reference)

1. Met underlying LINE assumptions

2. State the null hypothesis

Hotﬁjzo
VS.HA:ﬁj#O

3. Specify the significance level

Oftenwe use o = 0.05

4. Specify the test statistic and its distribution under
the null

The test statistic is F', and follows an F-distribution
with numerator df = k and denominator

df =n — k — 1.(n=#obversation, k= #
covariates)

5. Compute the value of the test statistic

The calculated test statistic is

SSE(R)—SSE(F)
— dfr—dfr
SSE(F)

dfr

6. Calculate the p-value

We are generally calculating: P(Fp——1 > F)

7. Write conclusion for hypothesis test

We (reject/fail to reject) the null hypothesis at the
100a% significance level. There is
(sufficient/insufficient) evidence that
predictor/covariate j significantly improves the
prediction of Y, given all the other covariates are in
the model (p-value = P(F},, 2 > F)).

Lesson 10: MLR 2
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Let’s think about our MLR example for life expectancy

Our proposed population model

LE = By + 6:FLR + B5FS + €

\ C——
Fitted multiple regression model:

LE = By + B1FLR + B,FS
LE = 33.595 + 0.157 FLR + 0.008 FS

Our main question for the single covariate subset F-test: Is the regression model containing food supply
improve the estimation of countries’ life expectancy, given female literacy rate is already in the model?

Null / Smaller / Reduced model Alternative / Larger / Full model
LE:,Bo—FﬁlFLR—l—G LE:ﬂo—l—,BlFLR—f—,BzFS—i—G

py=0 b, 70

Lesson 10: MLR 2
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Comparing the SSY, SSR, and SSE for reduced and full model

Reduced / null model

LE:60—|—B1FLR+€

Yiﬂ-V .

ey
SSE = 37.39

20 0

A
Yi-

S df= 70

SSR =27.24

Full / Alternative model

Lesson 10: MLR 2
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SSY = 64.64
Yi-Y .
SSR = 36.39
¥,-v

SSE = 28.25



Poll Everywhere Question 4

R — SSE(rd)~ SSE(H)

@ polleverywhere.com 000 d‘Fk - d’F F
—— e ——————

Join by Web  PollEv.com/nickywakim275 'i'éy..:: , gg'e (‘G*l{}
Af e

Using our SSE values of the full and reduced model, and the F-statistic 9 7. 8 (7 B 9\ z Q.S-
equation, calculate the F-statistic. Note the df for the reduced model is E— _
7@and the df for the full model is 69. C_]O -Ca)
;—g—
22.32 AW G
Y50 G40 69

; L2332
< 4/4 & ¢ More X5 Clear responses [5 Exit 9\

Powered by @ Poll Evq
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So let’s step through our hypothesis test (1/3)

1. Met underlying LINE assumptions

2. State the null hypothesis

Hoiﬂ20]
VS.HA:,BQ#O
pte

3. Specify the significance level . J:(:P\( ol oe%&’
o "

Oftenwe use a = 0.05 D A{H
4. Specify the test statistic and its distribution under the null ﬂ,
The test statistic is F', and follows an F-distribution with numerat @ and denominator

df =n—k—1=72—-2—1=69.(n=#obversation, k = # covari
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So let’s step through our hypothesis test (2/3)

5. Compute the value of the test statistic / 6. Calculate the p-value

The calculated test statistic is

SSE(R)—SSE(F)

’5. F: de_dfF
N SSE(F)
AN &
«\ fF
0 ¥
ANOVA table:
1 @od_red%ﬁo-d_fullb $>% () %>% () %>% (table.font.size =
™ —

term df.residual rss df sumsq statistic p.value

—> LifeExpectancyYrs ~ FemaleLiteracyRate 70.000 2,654.875 NA NA A NA

LifeExpectancTYrs ~ FemaleLiteracyRate + FoodSupplykcPPD  69.000 2,005.556 1.000 649.31
——— < — -

Lesson 10: MLR 2
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So let’s step through our hypothesis test (3/3)

7. Write conclusion for hypothesis test

We reject the null hypothesis at the 5% significance level. There is sufficient evidence that countries’ food supply
contributes significantly to the prediction of life expectancy, given that female literacy rate is already in the
model (p-value < 0.001).

Lesson 10: MLR 2
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Learning Objectives

1. Understand the use of the general F-test and interpret what it measures.
2. Understand the context of the Overall F-test, conduct the needed hypothesis test, and interpret the results.

3. Understand the context of the single covariate/coefficient F-test, conduct the needed hypothesis test, and

interpret the results.

4. Understand the context of the group of covariates/coefficients F-test, conduct the needed hypothesis test,

and interpret the results.

Lesson 10: MLR 2
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_ o 1 mudtr level 6R
Covariate subset test: group of coefficients mwwltipe covarates

Does the addition of some group of covariates of interest (or a multi-level categorical variable) add significantly
to the prediction of Y obtained through other independent variables already present in the model?

e For a general population MLR model, tncfudin

—>Y250+,31X1+52X2-|—...-|—,3ka—|—6 YVHNLT(“{VT(

We can create a hypothesis test for a group of covariate coefficients (subset of many)... For example...

P20

Alternative H;

B1 = B3 = 0 (this can be any coefficients) At least one 8; # 0 (for j = §, 3)
g
-~

Null / Smaller / Reduced model Alternative / Larger / Full model

Y = B0+ B2 X2+ € Y = B0+ 81X + B2 X + B3 X3 + €

Lesson 10: MLR 2 44



Covariate subset F-test: general steps for hypothesis test (reference)

1. Met underlying LINE assumptions

2. State the null hypothesis

For example:

Hy:B1=p83=0
vs. H4 : At least one 8; # 0,for j =1,3

3. Specify the significance level

Oftenwe use o = 0.05

4. Specify the test statistic and its distribution under
the null

The test statistic is F', and follows an F-distribution
with numerator df = k and denominator

df =n — k — 1.(n=#obversation, k= #
covariates)

Lesson 10: MLR 2

5. Compute the value of the test statistic
The calculated test statistic is

/ SSE(R)—SSE(F)
- dfr—dfr
F SSE(F)

dfr

6. Calculate the p-value
We are generally calculating: P(Fp——1 > F) /
7. Write conclusion for hypothesis test

We (reject/fail to reject) the null hypothesis at the
100a% significance level. There is
(sufficient/insufficient) evidence that
predictors/covariates l!, 3 significantly improve the
prediction of Y, given all the other covariates are in
the model (p-value = P(F} ,,_o > F)).

45



We need to slightly alter our MLR example for life expectancy

Our proposed population model to include water source percent (WS):
R SR

LE = B¢ + B1FLR + B2FS + B3sW S + €
e -
e We don’t have a fitted multiple regression model for this yet!

Our main question for the group covariate subset F-test: Is the regression model containing food supply and
water source percent improve the estimation of countries’ life expectancy, given percent female literacy rate is
already in the model?

Null / Smaller / Reduced model Alternative / Larger / Full model

Lesson 10: MLR 2 6



Comparing the SSY, SSR, and SSE for reduced and full model

Reduced / null model

LE:ﬁo—F,BlFLR—f—G

SSY = 64.64
VoY .
- | SSR = 27.24
ey
SSE = 37.39

A
Y-V

Full / Alternative model

SSY = 64.64
Y- .
_ SSR = 43.26
- by
SSE = 21.38
) Yii\l\(i
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So let’s step through our hypothesis test (1/3)

1. Met underlying LINE assumptions

2. State the null hypothesis

Hy:By=83=0
vs. Hy : B2 # 0 and/or B3 # 0

3. Specify the significance level

Oftenweusea = 0.05

4. Specify the test statistic and its distribution under the null

The test statistic is F', and follows an F-distribution with numerator d f = k = 2 gnd denominator
df =n—k—1="72 6 1 = &9. (n =# obversation, k = #covarlates

\) 6% 't““’a

mbl: FLR ES, W543Cﬁ~(‘

sssss 10: MLR 2



So let’s step through our hypothesis test (2/3)
5. Compute the value of the test statistic / 6. Calculate the p-value

The calculated test statistic is

SSE(R)—SSE(F)

— dfr—dfr
SSE(F)
dfr
ANOVA table:
1 (mod _red3, mod full3) () ()
term df.residual rss

LifeExpectancyYrs ~ FemaleLiteracyRate

70.000 2,654.875
LifeExpectancyYrs ~ Em\alg@%te + FoodSupplykcPPD +

(table.font.size =

df
NA

sumsq statistic p.value
NA NA NA

Do peetancyy 68.000 1,517.916 2.000 1.136.9 @ @

Lesson 10: MLR 2
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So let’s step through our hypothesis test (3/3)

7. Write conclusion for hypothesis test

We reject the null hypothesis at the 5% significance level. There is sufficient evidence that countries’ food supply
or water source (or both) contribute significantly to the prediction of life expectancy, given that female literacy
rate is already in the model (p-value < 0.001).

Lesson 10: MLR 2
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Other ways to word the hypothesis tests (reference)

e Single covariate subset F-test

= Hy : X does not significantly improve the prediction of Y, given that X, X, ..., X, arealready in the
model

= H 4 : X ™ significantly improves the prediction of Y, given that X1, X», ..., X, are already in the model
e Group covariate subset F-test

= Hj : The addition of the s variables X{, X3, ..., X, does not significantly improve the prediction of Y,
giventhat X1, X», ..., X, arealready in the model

» H 4 : The addition of the s variables X, X, ..., X} significantly improves the prediction of Y, given that
X1, Xo,..., X arealready in the model

nwld LV
=0 By 70
(=B By¥ate Y= Pot b X (T By Xux
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