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The General Linear Model Univariate

The general linear model is an extension of multiple
linear regression for a single dependent variable .

Provides regression analysis and analysis of variance for
one dependent variable by one or more factors and/or
variables.

s Can investigate interactions between factors as well as

the effects of individual factors, the effects of
- covariates and covariate interactions with factors.

Extended GLM Procedures

Single outcome variable
» GLM Univariate
» One-way ANOVA, two-way ANOVA, Multi-factorial ANOVA
s ANCOVA

e Single outcome variable measured at fixed time
intervals
* GLM Repeated Measures

» Multipte outcome variables
s GLM Multivariate
» MANOVA

ANOVA

One way ANOVA:

s To test the differences of one continuous variable between one
categorical variable >2 groups.

s Two way ANOVA:

* To test the effects of 2 categorical independent variables on
one continuous dependent variable.

¢ Multi factorial ANOVA:

* To test the effects of >2 categorical independent variables on
one continuous dependent variable.




ONE-WAY ANOVA

ONE-WAY ANOVA

Used to determine the effect of a single factor on one
numerical outcome (dependent variable).

* To compare the means of more than 2 groups of an
independent variable,

* For factors with 2 categories that compare means of 2
groups, Independent t-test is preferred.

* By logic can do independent t-test for each of pair but
it will increase the type 1 error.

Variation

 Representation of the spread of scores

' The sum of the squares of the deviations between a
value and the mean of the value
* Between group variance in relation to within group
variance.

» |ndividual differences

* Which group you are in

¢ [ = between group variation
within group variation

* When the groups are systematically different from one
another, between group > within group variance

Cohcept F Ratio

F = between group variation
within group variation

ithin groups
* for each data value we look at the difference between that value
and the mean of its group
* variability or differences in particular groups (individual
differences) =residual=error
* Between groups
* for each data value look at the difference between its group mean
and the overall mean
» differences depending what group one is in or what treatment is
received =group=treatment




F Statistic Assumptions

The ANOVA F-statistic is a ratio of the Between Group
Variation divided by the Within Group Variation

Random samples
Observations are independent

¢ Normality of distribution
» Larger sample size required (n=15 for each group)
» Check for skewness of histogram

» Sampling distribution of F ratio skewed to right.

e |f variability between groups is large relatively to the
variability within groups, the F statistic will large, thus

p value would be small [the result is significant] s Homogeneity of variance

s | evene's test
» |f violated, use Dunnett’s C procedure
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ONE-WAY ANOVA

Independent t test - comparing 2 means of a factor

* H,: all population means are equal.
Hot (M1 =42 =3)

» H,: at least one population mean is different
from the others.

Hyo (W1 p2= p3)

» ANOVA doesn’t test that one mean is less than
another, only whether they’re all equal or at
least one is different.
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s Group
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placebo
low dose Vitamin C
high dose Yitamin C

Does the mean change in the number of days of cold
symptoms differ among groups?
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symptoms?
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Assumption normality of distribution
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Output

Descriptivas
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‘ Out of 778.8 variation, only 205.4 units explained
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Post-hoc tests

» A significant F test does not tell which pairs of means
are significantly different from one another.

Need additional hypothesis tests to determine exactly
which mean differences are significant.

Multiple Comparison Tests

. Bonferroni procedure

Duncan Multiple range test

e Dunnett’s multiple comparison test

Called post hoc test / multiple comparison procedures

/ posteriori comparisons * Scheffe’s test

* Tukey’s test

Which pair(s) that the significant differences lie?
* T Ry, By E s b

]

Which post-hoc?
» Scheffe test very strict, safest of all
s Tukey HSD is more lenient, commonly used

21 22

Post-hoc test

Post Hoc Tests
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How to report

Means and standard deviations of difference
in number of days with cold symptoms

Placebo 3.50 414
lLow dose 210 4.07 4.84 (2, 27) 0.016
High dose -2.00 548

Placebo vs iow dose vitamin G, p=0.036
Placeko va Righ doss vitamin C, p=(.033
High vs low doses vitamin G, p=0,999 (Tukay test)

=The mean change in the number of days of cold symptoms is
significantly different among groups.

*There is no significant relationship between the amount of Vitamin
C taken and the change in the number of days of cold symptoms.
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TWO-WAY ANOVA

27

Steps multi-factorial ANOVA

Step 1: Descriptive summary by mean/%
Step 2: Bivariate exploration by one-way ANOVA /
t test
Step 3: Fit the model (no variable selection)
Step 4: Checking interactions
Step 5: Checking model assumption
¢ Normality of residuals
¢ Fqual Variance
* Overall Model Fitness
Step 6: Post Hoc test
Step 7: Interpretation & presentation of results
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Two-Way ANOVA

* To determine the effect of two factors (independent
variables) on one numerical outcome (dependent
variable).

¢ Each factor needs to have 2 or more levels.
¢ Same assumptions as one-way ANOVA,
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Research questions

First main effect

* Do the means of GPA improvement differ among
studying methods?

s Second main effect

e Do the means of GPA improvement differ between

gender?

* |nteraction effect

* Do the differences in the means of GPA improvement
among the studying methods vary as a function of

gender?
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Step 2: Bivariate analysis

* Method vs GPA

¢ Gender vs GPA
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One-way ANOVA * Independent t test
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Step3: Fit the model
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Step 4: Check interaction

Tests of Between-Subjects Effects
Descriptive Statisiics
Dependent Variable: Improvament in GPA Tabks
Type [H Sum ) Compars Maans
Source of Squares df Maan Square F Sig. S eraral Lipear Model 7
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Intercept 4,931 1 4931 | 139978 .000 " Vied Mocte p | M varete.
gender 523 1 523 | 14838 ‘000 Corrolts v |8 Reposted boasures...
method 1,174 2 587 16.666 000 Regression 9 Varlance COMEUNErts... | T -Souty It
Error 1973 56 035 EFul tactorled & Custom
Total 8.600 80 %:r
Correcled Total 3.669 52 potted _____ p—
: | Dild Tards e e e
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Check interaction

4
Tests of Between-Subjects Effects * . Ve ]
Dependant Variable: Improvement in GPA §zls i° S /‘/
Type Il Sum I E” /"\
Source of Squares df Mean Squars F 3ig. i‘-ﬁ [ /_.-' N
Correctad Model 1.98g% 5 378 11.483 H iu "
tntercept 2931 1 4931 | 148502 ' ) ' e
gandar 523 1 523 18,866 o 06
methad 1174 2 587 17.809 a - »
gender * mathod 193 2 098 2,921 Hemia Banirg Hewing Frerg
Error 1.780 54 033
Total B.800 60 . .
Gorrected Tofa 3.669 58 No interaction Cross interaction Uncross interaction

a. R Squarad = .515 (Adjusted R Sguared = .470)

39 40




homogeneity of variance

If the main effects are significant, shoutd conduct
follow up interaction effect test.

Levene‘s Test of Equality of Error
Varlancas®

If the interaction effect is significant, follow up tests
should be conducted to evaluate simple main effect and Dependent Varlable:lmprovament in GPA

interaction comparisons. F dft af2 Slg—
P 450 6 54 | A\ 812/

Tests the null hypothaesis thatthe error
varlance of the dependent varlable |s equal

 |If the interaction effect is not significant, need to focus across groups.
on the main effect_ a. Design: Intercept + gandar + method
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Step 5: check normality of residuals A new residual variable is created
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Histogram of residual
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Step 5: check fithess of model
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Haan
Sid, D
VL0

= 7.20E-17

v, 4 183

Lack of Fit Test

e Hg: Model is fit

Lack of Fit Tests
Dependent Varlable: Improvement in GPA
Sum of
Source Squares df Mean Sguare F
Lack of Fit 193 2 086 2.921
Pure Error 1.780 54 033
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Multlpla Comparlsons

Dependent Variabls! Improvamant In GPA
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49 ) 50

Step 6: Interpretation

& Resldunl Ior gpa [RES.1)

No significant interaction between studying method and

7]

gender, F (2, 54) = 2.92, p = 0.062. e v

Significant main effect for gender, F (1, 56) = 14.84, p <
0.001, male has a significantly higher mean GPA
compared to female.

fgws Renregan.:

t (s bl i

L [Conitkianta berval for iaan-: :

L Stenterd error of mean
Standsrd dsvintion

# Significant main effect for studying methods, F (2, 56) =
16.67, p < 0.001, students who practice studying
method 2 has significantly higher mean GPA compared
to those practice studying method 1 and control. But

1B st i

Cojunna:

Lit (e @iy revvs i

there was no significant difference in mean GPA e — L Buries sy
between those practice method 1 and control. ® summaves o oups of cases st
) € Summerios of soperdte yatiobles '&\_ﬁ‘m ] " ot
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Figure 1. Mean improvement of GPA differences among studying : _
methods and gender Step 7: Presentation of results

Stutying Table 1. Adjusted mean and 95% confidence interval of

080" melheds

I theod e main effects of gender and studying method on the

I tathod 2

* Gor : students’ improvement of GPA

Ay

Q.80+

-

Gender Male 0.38 (0.31, 0.45)
Female 019 (0.12, 0.26)

Studying methed Method 1 0.25 (0.17,0.34)
Method 2 0.47 (0.39, 0.56) 16,666 (2,56) <0.001
Control 0.13 {0.05, 0.22)

040

14839 (1,56)  <0.001

85% €l Imprevement in GPA

0,207

,r
e}

1.00 : Studying method 1 vs studying method 2, p=0.001

e Femsle Studying method 1 v& control, p=0.111
Gendet Studying method 2 vs control, p<0.001 (Fukey test)

53 54

Multi-factorial ANOVA

Multi-factorial ANOVA

To determine the effect of multiple factors on one
numerical outcome (dependent variable)
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Research questions

Activity
score

]

Normal

Hyperactive

PIacebo
Ritalin

* Effect of sex on the children’s activity score

sex

* Effect of group on the children's activity score

* Effect of drug on the children’s activity score
* Effect of interaction - effect of Ritalin with the influence of group and
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Step 1: Descriptive summary by % or mean
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ritalin_3way.sav

» Dependent variable is
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froup Intarval for Mean Upper Bound 54.18
Curnuletly
Froquenoy | Percant | Valld Percant F‘ENEME &% Trimmed Maan 517
Vaid  Nomal [ 50.0 0.0 600 Medlan &7.50
Myperaclive B 60.0 50.0 1000 Variance 86.000
Tolal 16 100,0 100.0 Std. Daviallon 9.220
nimurm 45
Waxionum T8
Range a0
g interquartla Range 17
Cumulalive Bkewness 1226 584
Frequaney | Parsenl | Valid Paroent Parcani Rurtoals 1,184 1,081
Valld ~ Placebo E] BD.0 50.0 50,0
Rilalia ] Bo.0 50.0 1000
Tolal 18 100.0 100.0
&0




Step 2: Bivariate exploration by

Indapendent Bamplea Test

one-way ANOVA / t test
Equatlly of Varlsnsss t-lest far Equality of Means. —
A e P " 85% Conlidence
raphs b Intarval of he
Regerls s . Masn Sid, Errar Oifference
; i N Text Varisble(s) F Sig. t af Big, {2-\aik Difisrence | Differance Lawar Upper
Poscrlative Statieties ¥ o v 2clivly - Equal varianzes 025 879 216 14 787 1600 azss | b | 11008
Tages o F- ol e Equal vadances 215 | 13852 757 1,600 4,756 8701 | 11,701
< Cogparetdeans” " - B {7 Mears... o drg nol asaurmed : . . : . e '
EBHEI’N Linagr hiodel k
Generakized Linear Matiels k
Mixed Models - [ Indapandent Bamplos Tost
Levene's Tesl for
Equalily of Varlanges tHest for Equality of Means
95% Confldence
Intarval of the
Bid, Bt | Dlfference |
F Stg. t dr Slg. {2-taflad Diffetence | Diffarence Lawar Upper
aclvily Equal variances
assumed 3.268 063 -1.212 14 -6.500 4,540 15,236 4,238
Etiz) vatlancas Amz | 1270 5500 4540 | 16320 | 4329
Re th t t f & d i @Use.speciﬂed vales !
run e es Or grgup rug = ¥ Indapandent Samplae Test
! a ¥ - Lovane's Test for
{ F——
i va rlables b Growpz [-:,I“ , Equalily of Yatk vast for Equallty of Mazing
L. A ! 95% Conllderca
"D Cul poink h Interval of the
o Mean Std, Error Differenae
F Slg. 1 df Sig. (2-ail Litferance | Clfferance
aclivity  Equal variances
assumad az2a 378 6,148 14 2.481
Evual vadonces 648 | 12485 24m
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Step 3: Fit the model
(no variable selection)

Create table yourself

Effects of study factors on activity score using independent t test

. Descriptive Statistics
Tables
Compare Meens
i enaral Eirenr Wodsl R
Male 60.0 (9.2) S e
: 15(-8.7,11.7 0.315 {14 0.757 Getisralzed Lingar Modelsb | o
| Female 8 | 58.5(9.8) (87,1.7) $15(14 MZZ:; f:ms et | B,
el | s possures..
Normal 8 56.5 (7.5) Regression » Varlance Components..,
5.5 (-15.2,4.2 1,212 {14 0.246
Hyperactive 8 62.0 (10.4) ( ) (i
Placebo ] 66.9 (5.8)
15.2 (9.9,20.6 6.146 (14 <0.001
Ritalin 8 51.6 (3.9) (9.9,:208) (4)
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T’Sﬂﬂ-ﬁwm : _ —1{ Rerun the test for all
a . .| €3 Ful factarial & eusiom B
Check the main effect first : _ ; possible two-way
. Foecfors & Coverialas: Motiel . . . .
h w interactions (3 pairs}.
L. grovp .
Lt R B .
e ey —7| | Check one by one:
I 1. sex*group
“Sunth of gguaras: MQ . $5; Inchuda Inlareopt in mocd
[ 2. sex*drug
_ _ . 3. group*drug
~Eumn of sguares: m@j@ : [i'?i_ncludu irtercaptin morel -
65 6&

1. Homogeneity of variance
2. Fitness of model

- rEsllnatac] Mamlnal Ifzans

Factarts) and Fector rteractions:
(OVERALLY

bjects Effects.

. Mean Square i : Sig.
. .271.213 18,728 0on Trleyday -~ —-om == e
56160.000 | 3266174 00 5 pescripive sietistcs 1% Homogenelty fests
9,000 522 ASE Y Estinsles of sifect sz I Sproad vs, leval piot
] = 121,000 7014 023 ] ousarvad power ] Restiusl piet
drug . 930.250 1 530250 | 53928 000 T Pevanmter estmates
sax* arous 25000 1 25.000 1449 254 171 Cantrast coetiiart marix ) Genetsl sstimakis function
. H ] § Wfl 9.750 1 17.250 S
None of the interactions are significant m| . Shyvsncs e 05 ontter v 00 950%
e Cefidoist Tolal 1276.000 15 7 e
I ' i) R
67 a.R Squarsd ='851 (Adjvatod R Squared = 797) 68 N




' Step 5: Checking model assumption:
o Normality of residuals

Lavene’s Tast of Equality of Error Variance®
! . Dspenidact Variable: rRradictad Values —-——- rResidugls
Dependent Varfable: activily T e l I Uetsntrtized
F 41 df2 1. y SR | [ Unstandardize
130 7 ] (§ g 93 [ ettt B wesigy ecnt
; s
Tesis the null hypothasis that the error varibnca.of : i 1 stancerdzo
the dependant variable is equal across groups. P Dingrsting~ [ Sudertized
a. Desigr: Intercept+sex+group+drug bl Foclor(s) | o [ Deletad
() I [FY Cook's distancs
| [ Layerags values E
~Gnefticien Stahshc
Laak of Fit Tests Cowariala(sy e . -

o . = E Creste eosffictort statictios
Dapendent Var:nub::n?cﬂ ity ; @ oy r#di; aim-ﬂ: dedagel ]
Source Squares df Moan Squars F Sig. elasd g 0
Tack of FiL 79,750 4 16,838 1.181 358 YOS Weight : o ney dots the
Pure Error | 135,000 8 16.875 ! .

|
Non-significant results mean assumptions are met
Look at data view: A new variable is created
69 70

Checking normality of residuals Look for the curve, ? skewed

E T T
4
il
& 3o
i 4 Wean = -3.396-14
n:_ﬁ groun Sid Da, R 3781
wfl i &
M aciniy ! Rows: ;
; 1
‘ |
" ; | Es
Flo... T8 Ml om0 ey ok
lﬁ High-Low... H Cojins .
LT T T i T
[ Baxpiat... i [ ]
‘ i g
Errar Bar ... } | E
Mo ; B Mol arinee s erply 2akarsesd | E. 21
- I
S —
[ Uzm chert speclibeations rom: :
g i
; !
! 8
|-
750 2500 2.0 6.00 250 500
Residual for actlvity
ra 72




Step 7: Interpretation

Tosts of Batwaen-Subjeots Effects

Doparident Verable: setivily

Typa I Sum
Soures of Squarss dr Mean Squara F Elg.
Comacted hModa] 1060,2507 3 363417 19749 000
Intercept 56169.000 i 56189.000 | 3138.664 008
. P t H t t 98% 6,600 4 e.000 504 Ag2
Step 6: Post Hoc tes o | 1| wo| srm| o
- drug 930250 1 930.760 51.681 000
not apphcab[e Ertor 214.750 12 17,868
Tole} &7444.000 16
Cotrected Tplal 075,000
cﬂ- R Squarad = 832 (Adjuslad R squarej:gﬂ})
Estlmatas Estimates
Depandent Vaiabla: ACTIVITY Dapandanl Variable! ACTIVITY
05% Confldange Inlarval 96% Confldance Interval
Mesn Std. Eror ) Lawsr Bound | Uppar Bound GROLP Mean Std. Efrar ] Lower Bound | Uppar Bound
60,000 1,496 55.7H 63.268 Nermal £6.600 1.498 63,241 £0.760
58,600 1496 §5.241 61,750 Hyperactive 62,000 1,488 5B, 74+ 66.250
Estimates
Dapendent Vatlshle: ACTIVITY
95% Confldenca Intarvat
DRUG Mean Stel. Error_| Lowsr Bound | Uppar Bound
Placsbo 68,875 1,406 83818 70134
Ritallr 51825 1488 48.366 64,884
73 74

Summary

Step 7: Presentation of results

Table 1. Adjusted mean and 95% confidence interval of
he main effects of sex, group of children and type of
drug on the children’s activity score

Sex Male 60.0 {56.7, 63.3)
0.503 0.492

Female 58.5 (55.2, 61.8)

Group Normal 56.5 (53.2, 9.9}
. 6.761 0.022

Hyperactive 62,0 (58.7, 65.3)

D Ritali §1.6 (48.4,54.9

e nan ( : 5891 <0.004

Placebo 66.9 (63.6, 70.1)
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Thank you
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