
2xK Using GLM & Regression 
 
 
The purpose of this study was to examine the relationships of exam Review Attendance and Practice Difficulty with exam 
performance.  Practice Difficulty was a 3-condition variable -  practice problems were either about the same difficulty as 
the exam problems (=1),  they were easier than the exam problems (=2), or they were more difficult than the exam 
problems (=3).  Different sections of the course were randomly assigned to receive the three difficulty levels.  The 
schedule showed the class meeting during which the exam review would occur & student’s attendance was recorded.  
The dependent variable was performance on an examination. 
 
 
SPSS Code 
 
 
unianova  testperf  by  pg1e2h3s    ar1y2n 
 
   / method = sstype(3) 
 
   / emmeans tables ( pg1e2h3s by ar1y2n ) compare ( ar1y2n ) 
    
 
   / emmeans tables ( pg1e2h3s by ar1y2n ) compare ( pg1e2h3s ) 
 
    
 
   / emmaans tables ( pg1e2h3s )                 compare ( pg1e2h3s ) 
 
 
   / emmenas tables ( ar1y2n )                      compare ( ar1y2n ) 
 
 
   / print descriptives parameters 
 
   / design =  pg1e2h3s    ar1y2n   pg1e2h3s*ar1y2n. 
 

 lists DV   “by”    IVs 
 
 Type 3 SS (more below) 
 
 pairwise simple effects of  “ar1y2n” from        

the “pg1e2h3s by ar1y2n” interaction 
 

 pairwise simple effects of  “pg1e2h3s” from   
the “pg1e2h3s by ar1y2n” interaction 

 
 
 pairwise comparisons of “pg1e2h3s”               

corrected marginal means 
 
 pairwise comparisons of “ar1y2n”                   

corrected marginal means  
 
 get raw/data means and regression weights 
 
 specify the design (including the interaction   

that GLM automatically calculates from the     
IVs specified above) 
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Interpreting the regression weights 
 

constant  The expected value of the criterion when the value of all predictors = 0 
 The expected value of testperf for those in the same condition and did not attend the review 
 Those in same condition who did not attend the review scored 60% on the exam 

 
pg1e2h3s=1.00 
 
compares easier 
& same 
 
 

 The direction and extent of the expected change in testperf for a 1-unit increase in this predictor, 
holding the value of the other predictor constant at 0 

 The expected difference in testperf between same and easier practices for those who did not attend 
the review 

 The simple effect of same versus easier practices for those who did not attend the review 
 Among those who did not attend the review, those with easier practices (mean 61.667%) scored 

1.667% better than those with same difficulty practices (mean = 60.00%) 
 

pg1e2h3s=2.00 
 
compares 
harder & same  

 The direction and extent of the expected change in testperf for a 1-unit increase in this predictor, 
holding the value of the other predictor constant at 0 

 The expected difference in testperf between same and harder practices for those who did not attend 
the review 

 The simple effect of same versus harder practices for those who did not attend the review 
 Among those who did not attend the review, those with harder practices (mean 41.667%) scored 

18.333% poorerr than those with same difficulty practices (mean = 60.00%) 
 

ar1y2n=1.00  The direction and extent of the expected change in testperf for a 1-unit increase in this predictor, 
holding the value of the other predictor constant at 0 

 The expected difference in testperf for those who did and did not attend the review, among those 
who had the same difficulty practice 

 The simple effect of attending the review for those who had the same difficulty practices 
 Among those who had the same difficulty practices, those who did attend (mean = 80%) scored 

20% higher on average than those who did not attend (mean = 60&) 
 

pg1e2h3s=1.00 
ar1y2n=1.00 

 The direction and extent of the difference in the expected effect of one predictor when the other 
predictor increases by 1 – can be expressed in terms of either variable 

 How the simple effect of one variable is expected to change as the value of the other variable 
increases by one – can be expressed in terms of either variable 

 
SE of practice difficulty (same vs easier) 
 SE of same vs easier for those who did not attend review  60 – 61.667     1.667 
 SE of same vs easier for those who did attend review        80 – 44          -36         dif  -37.667 

 
SE of attending review session  
 SE of no vs yes for those with similar difficulty practice      60 – 80         20 
 SE of no vs yes for those with easier practice                    61.667 – 44   -17.667    dif  -37.667 

 
pg1e2h3s=2.00 
ar1y2n=1.00 

 The direction and extent of the difference in the expected effect of one predictor when the other 
predictor increases by 1 – can be expressed in terms of either variable 

 How the simple effect of one variable is expected to change as the value of the other variable 
increases by one – can be expressed in terms of either variable 

 
SE of practice difficulty (same vs harder) 
 SE of same vs harder for those who did not attend review  60 – 41.667     18.333 
 SE of same vs harder for those who did attend review        80 – 81           -1         dif  19.333 

 
SE of attending review session  
 SE of no vs yes for those with similar difficulty practice      60 – 80         20 
 SE of no vs yes for those with harder practice                   41.667 -81    -39.333    dif  19.333 
 

 
 
 
The idea is that we can “recover” the cell means from the regression weights 



 
 
Same /  No  Review =  the constant                                                             60.000 
 
Easier / No Review  = constant + SE Same v Easier for No Review   (pg1e2h3s=1.00)            60 + 1.667    = 61.667 
 
Harder / No Review = constant + SE Same v Harder for No Review  (pg1e2h3s=2.00)            60 + (-18.33) = 41.667 
 
 
 
Same / Yes Review = constant + SE of review for same  (ar1y2n=1.00)                                    60 + 20 = 80.000 
 
Easier / Yes Review =   Easier/No Review mean       61.667 + 20 + (-37.667) = 44.000 

+ SE for Review for Same (ar1y2n=1.00) 
                                       + how SE for Easier differs from same (1st interaction term)          
 
Harder / Yes Review = Harder/No Review Mean                                            41.667 + 20 + 19.333  =  81.000 
                                     +  SE for Review for same (ar1y2n=1.00) 
                                     + now SE for Harder differs from same (2nd interaction term)            

 
 
Easier  
 
 
 
 
 
 
 
 
 
 
 
 
Same 
Difficulty  
 
 
                  
 
 
 
 
 
 
 
 
 
 
Harder 

No Review                                                                         Review 

60.000 

 

61.667 

41.667 

80.000 

81.000 

44.000 

Constant +  
pg1e2h3s=1.00 
 

60 + 1.6667

Constant +  
pg1e2h3s=2.00 
 

60 -  18.333

Constant +  
ar1y2n=1.00 
 

60 + 20

Constant +   pg1e2h3s=1.00 + 
ar1y2n=1.00 + 1st interaction term 
 
60 + 1.6667 + 20 – 37.667

Constant +   pg1e2h3s=2.00 + 
ar1y2n=1.00 + 2nd interaction term 
 
60 - 18.333 + 20 + 19.333



Emm
 
In add
any a
regre
categ
 
You w
to de
patte
 
 
Desc
 
 / em
 
 

 
 

 
 

 
 

means results

dition to the eff
adjacent pair of
ssion weights, 

gorical variables

will usually w
escribe the pa
ern is descript

cribing the p

mmeans tables

s from GLM 

fect F-tests and
f cell means, an
because they 

s to produce al

ant both sets
attern of the s
tive or mislead

airwise simp

s ( pg1e2h3s 

d the regressio
nd among any 
provide signific
ll of these com

 of simple effe
ignificant inte
ding. 

ple effects of

by ar1y2n ) c

 

n weights, GLM
set of margina

cance tests for 
parisons and s

ects, as are r
eraction.  Each

f  Review Att

compare ( ar1

M can be coaxe
al means.  Thes

all comparison
significance tes

requested in t
h set will be u

tendance for

1y2n ) 

ed into giving u
se pairwise com
ns.  We would 
sts via regressio

the GLM code
used to determ

r each level o

 
 
The ce
in the 

 
 
The F
Review
level o
 
With o
condit
redun

us specific pair
mparisons are 
need to perform
on weights. 

e above.  One
mine if the co

of Practice D

ell means wil
“Descriptive 

F-tests tell us t
w Attendance
of Practice Di

only 2 Review
tions, the pair
dant with the 

 

The pa
is: 
 
Easier
    Rev
 
Same 
     Rev
 
Harde
      Re
 
 
This in
us to a
effect o
will be 

rwise comparis
a nice addition
m multiple reco

e of those set
orresponding m

Difficulty 

l be the same
Statistics” ab

that the simp
e is significan
fficulty. 

w Attendance 
rwise compar
F-tests. 

attern of the in

r Practice 
view  < No Re

Difficulty Pr
view >  No Re

r Practice  
eview > No Re

nteractionpatte
anticipate that
of Review Att
misleading

sons among 
n to the 
ordings of the 

ts will be used
main effect 

e as given 
ove. 

le effect of 
nt for each 

risons are 

nteraction 

eview 

actice 
eview 

eview 

ern allows 
t the main 
tendance 

d 



Desc
 
   / em
 
 

 
 

 

 
 
The p
        
        
        
 
        
 
This 

cribing the p

mmeans table

pairwise effec
                     
                     
                     

                     

interaction pa

airwise simp

es ( pg1e2h3s

cts describing
                    
                    
      Did atten

      Did not a

attern allows 

ple effects of

s by ar1y2n )

g the interactio
                     
  

nd the review 

attend review 

us to anticipa

f Practice Dif

 compare ( pg

on are: 
                    

                     

                     

ate that the ma

fficulty for ea

g1e2h3s ) 

 Easier v Sa

  44.0  <  80.

  61.7  =  60.

ain effect patt

ach level of R

 
It repea
emmea

 
 
The F-
simple 
conditio

me        Easie

.0             44.

.0             61.

tern of Practic

Review Atten

ats the same 
ans. 

-tests tell us th
effect of Prac

on of Review

 

er v Harder    

0  <  81.0      

7  >  41.7      

ce Difficulty w

ndance 

cell means fo

hat there is a 
ctice Difficulty

w Attendance.

 
 
 
 

     Same v H

       80.0  =  

       60.0  >  

will be mislea

or each 

significant 
y for each 

Harder 

81.0    

41.7 

ading 



Desc
 
   / em
 

 

 
 

 
 

 

cribing the M

mmenas table

Main Effect of

es ( ar1y2n ) 

f Review Atte

 compare ( ar

 

endance 

r1y2n ) 

You s
here a
mean
above
for No
 
Also, 
table 
are no
the “D
 
Becau
amon
effects
(nono
other 
the un
mode
mode
 
So, in
two co
intera
being 
margi
regres
will te
same 
variab
 
The o
Attend
 

Howe
intera
those 

This m
carefu
 
 

should notice 
are not the sa
s from the “D

e (which were
o). 

the F-test for 
above and sh
ot comparing 

Descriptive St

use there are 
g the design 
s and the inte

orthogonal, or 
multiple regre

nique contribu
el, controlling f
el.   

n a factorial A
oded categor

action, same t
tested are di
nal means, th
ssion includin
st a regressio
as the bivaria

ble and the cr

overall or main
dance is: 

Review 

ever, we know
action, that thi

in the Easier

main effect m
ully, because 

that the mean
ame as the m

Descriptive Sta
e 66.54 for Ye

r “ar1y2n” in th
hown below (w
the data mea
atistics” abov

 unequal sam
conditions, th

eraction are a
r correlated).  
essions, the m
ution of each 
for the other e

NOVA (or reg
rical variables
hing), the ma
fferent than t

he same as a
ng quantitative
on weight tha
ate correlatio
riterion! 

n effect for Re

  >   No Revi
 
 

w from the pat
s is not descr
r Practice con

 
ust be comm
it is potential

ns shown 
arginal 
atistics” 
es and 55.45 

he ANOVA 
which match)
ans shown in 
ve. 

mple sizes 
he main 
all collinear 

Thus, like all
model tests 
effect to the 
effects in the 

gression with 
s and their 
ain effects 
he raw data 

a multiple 
e variables 
t is not the 
n between a 

eview 

ew 

ttern of the 
riptive for 
ndition.   

unicated 
ly misleading

 

. 



Desc
 
/ emm
 

 
 

 
 

 
 

cribing the M

maans tables

Main Effect of

s ( pg1e2h3s )

f Practice Dif

) compare ( p

 

fficulty 

pg1e2h3s ) 

 
As 
not
the
“De
50.
for 
 
The
pat
Dif
 
 

 
 

 
Ho
inte
eith
tho
 
Th
car
mis
 

with the othe
tice that the m

e same as the
escriptive Sta
.6 for Easier, 
Harder). 

e pairwise co
ttern of the m
fficulty to be: 

Easier 

owever, we kn
eraction, that 
her those to a
ose who did n

is main effect
refully, becau
sleading. 

er main effect
means shown
e marginal me
atistics” above

67.5 for Sam

omparisons sh
main effect of P

< Harder <  S
 

now from the 
this is not de

attended the r
not attend the 

t must be com
use it is poten

, you should 
n here are not
eans from the
e (which were

me and 66.3 

how the 
Practice 

Same 

pattern of the
escriptive, 
review or for 
review.   

mmunicated 
tially 

 
e 
e  

e 



Data
 
Here
comp
 

 
*
if
if
if
 
*
if
if
if
 
*
if
if
 
c
c
 
e
 
 
 
r
 
 
 

 
 
 
 

 

a Preparation

e’s the SPSS s
pute the intera

 
 

* pract_dc1 co
f (practgrp = 
f (practgrp = 2
f (practgrp = 3

*pract_dc2 co
f (practgrp = 
f (practgrp = 2
f (practgrp = 3

* atndrev_dc  
f (atndrev = 1
f (atndrev =2)

compute prac
compute prac

exe.   

regression 
 /statisti
 /dependen
 /method =

n for Regress

syntax code t
action term. 

ompares sam
1) pract_dc1 
2) pract_dc1 
3) pract_dc1 

ompare same=
1) pract_dc2 
2) pract_dc2 
3) pract_dc2 

no=1=>0   ye
) atndrev_dc 

) atndrev_dc 

ct_rev_int1 = p
ct_rev_int2 = p

ics coeff 
nt testper
= enter   

sion Analysis

to dummy cod

me=1=>0 with 
= 0. 
= 1. 
= 0. 

=1=>0 with ha
= 0. 
= 0. 
= 1. 

es=2=>1. 
= 0. 
= 1. 

pract_dc1 * a
pract_dc2 * a

r anova 
rf 
pract_dc1 

s 

de the binary 

easier = 2 =>

arder=3=>1.

tndrev_dc. 
tndrev_dc. 

 pract_dc

grouping var

> 1. IF sta
 s

c
 d

is
(h

 d
is
“0

IF sta
is cod
the co
 
The p
categ
are th
 

c2 atndrev_

riable, to dum

atements to d
same is going
coded “0” for b
dc1 is going to
s coded “1” as
harder is also

dc2 is going to
s coded as “1
0” (easier is a

atements to d
ded “1” as the
omparison gr

products of ea
gory variable w
he interaction

_dc  pract

 
The
are
ana
 
 
 
 

mmy code the 

ummy-code t
 to be the com
both dummy c
o compare ea
s the target g

o coded “0”) 
o compare ha
” as the targe

also coded “0

ummy-code t
e target group
roup 

ach of the dum
with the dumm

n terms 

t_rev_int1 

e R2, F-test a
e all the same
alysis. 

3-category va

the group var
mparison gro
codes 
asier with sam
roup & same

arder with sam
et group & sa
”) 

the binary var
p and “no” is c

mmy codes fr
my coded bin

pract_rev

and regressio
e as from the 

ariable and to

riable:   
up, so it is 

me, so easier 
 is coded “0” 

me, so harder
me is codec 

riable:  “yes”  
coded “0” as 

rom the 3-
nary variable 

v_int2. 

on weights 
GLM 

o 

r 


