
Type I Sum of Squares ANOVA Report

Outcome: G3
Model order A: school + studytime + school:studytime
Model order B: studytime + school + studytime:school

Type I sums of squares are sequential and order−dependent.

Model order A table:
  Df      Sum Sq    Mean Sq    F value       Pr(>F)           effect eta_squared_sequential partial_eta_squared
   1  546.628653 546.628653 59.7378378 4.202088e−14           school            0.080823171         0.085249910
   3  341.211787 113.737262 12.4296780 6.556833e−08        studytime            0.050450738         0.054975139
   3    9.981718   3.327239  0.3636145 7.793037e−01 school:studytime            0.001475872         0.001698893
 641 5865.444406   9.150459         NA           NA        Residuals                     NA                  NA
 decision_alpha_0_05                  model_order
           Reject H0 school first, then studytime
           Reject H0 school first, then studytime
   Fail to reject H0 school first, then studytime
          Not tested school first, then studytime

Model order B table:
  Df      Sum Sq    Mean Sq    F value       Pr(>F)           effect eta_squared_sequential partial_eta_squared
   3  465.077825 155.025942 16.9418754 1.337441e−10        studytime            0.068765266         0.073465949
   1  422.762615 422.762615 46.2012454 2.444779e−11           school            0.062508643         0.067231027
   3    9.981718   3.327239  0.3636145 7.793037e−01 studytime:school            0.001475872         0.001698893
 641 5865.444406   9.150459         NA           NA        Residuals                     NA                  NA
 decision_alpha_0_05                  model_order
           Reject H0 studytime first, then school
           Reject H0 studytime first, then school
   Fail to reject H0 studytime first, then school
          Not tested studytime first, then school



sc
ho

ol

st
ud

yt
im

e

sc
ho

ol
 x

 s
tu

dy
tim

e

Effect in model order

S
eq

ue
nt

ia
l T

yp
e 

I s
um

 o
f s

qu
ar

es

0

100

200

300

400

500

546.63

341.21

9.98

Type I Sum of Squares by Effect

Model order: school first, then studytime then interaction.
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Type I SS Changes When Model Order Changes

Sequential sums of squares are order−dependent in unbalanced designs.
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Type I ANOVA F Statistics

F values test each effect after earlier effects in the sequence.
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Alpha = 0.05

Type I ANOVA p−value Decision

A p−value below alpha supports rejecting that sequential effect null hypothesis.
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Mean G3 by school

Group means provide context for the sequential ANOVA table.



10
.0

10
.5

11
.0

11
.5

12
.0

12
.5

13
.0

13
.5

school

M
ea

n 
G

3

GP MS

studytime

1
2
3
4

Interaction Mean Pattern

Lines show whether the second factor has similar patterns inside first−factor groups.
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A random pattern around zero supports the ANOVA model interpretation.



Type I Sum of Squares ANOVA Table

Sequential SS is reported in the order terms are entered into the model.

             Effect df    SS      F         p eta2_seq partial_eta2          Decision
             school  1 546.6  59.74 4.202e−14   0.0808       0.0852         Reject H0
          studytime  3 341.2  12.43 6.557e−08   0.0505       0.0550         Reject H0
 school x studytime  3 9.982 0.3636    0.7793   0.0015       0.0017 Fail to reject H0


